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PREFACE

This report presents the results and final analysis of the local

ice load measurement conducted on the four deployments aboard the USCGC

POLAR SEA between 1982-84. Data were collected in first year and

multiyear level ice in McMurdo Sound, Antarctica. The first and second

deployment results from trips to the Alaskan Arctic as well as the

instrumentation and data analysis techniques were presented in "Ice Loads

and Ship Response to Ice" (SSC-329) (reference 1). The third deployment

results from the Antarctic wer3 presented in a report to the Maritime

Administration (Reference 2). Results of the fourth data collection

program from the Beaufort Sea in the summer of 1984 are presented in "Ice

Loads and Ship response to Ice - A Second Season" (SSC-339) (Referenc

4). This report summarizes the previous data collection programs and

provides the final data analysis of all data as a whole.

A statistical analysis of extreme pressures and forces was

performed for the data collected on all four deployments and is presentti

in this report. Pressures over one subpanel, four subpanels, and forces

on frames, stringers (as if the ship were longitudinally framed), and the
total load on the panel were fitted to 3 parameter extreme value
distributions. The results of the extreme value statistics performed
were then used to suggest ice load criteria in support of icebreaking
ship design and hull design regulations for icebreaking ships.
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I. INTRODUCTION

In 1982, USCGC POLAR SEA was instrumented with an array of strain gages
on the port bow for the purpose of measuring ice impact pressures. Two trips
to the Alaskan Arctic were made in October 1982 and March-April 1983 during
which time about 1400 impact events were collected. The research was carried
out on behalf of the Interagency Ship Structure Committee, the U.S. Maritime
Administration, and Transport Canada (Transportation Development Centre).
Work was performed in conjunction with environmental data collection programs
sponsored by the Alaskan Oil and Gas Association and the U.S. Maritime
Administration.

Ten cant frames (CF 35 to CF 44) were instrumented at 8 vertical
locations by strain gaging the webs of the frames in comprPssion perpendicular
to the shell plating (Figure 1). A total of sixty active channels of strain
gages allowed contact pressures over an area of up to 98 ft2 (9.1 m2) to be
measured. An individual strain gage channel was related to an area of 1.63
ft2 (.15 m2) for which a uniform pressure was computed for a measured strain.
A complete description of the data acquisition system and the data reduction
procedures as well as the results of the two deployments can be found in
Reference (1]*.

The POLAR SEA's trip to the Antarctic in January 1984 offered a third
opportunity to collect ice impact data in thick level ice in conjunction with
resistance tests sponsored by the Maritime Administration (MARAD), Naval
Engineering Division of the U.S. Coast Guard and Canadian Transportation
Development Centre (TDC) . An additional 310 ice impact events were collected
by this effort and are reported under contracts to MARAD [2] and TDC [3].

A fourth data collection program was conducted in October and November
of 1984, termed the 1984 Summer Deployment, to gather additional data in
summer multiyear ice conditions where the highest loads could be expected.
This deployment recorded 337 impact events which are presented and analyzed in
SSC-339 [4]. This report summarizes data from all four deployments and
presents further analysis of the complete data set.

* Numbers in brackets refer to references listed in Section 8.

2
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2. SUMMARY OF THE MEASUREMENT PROGRAMS, COLLECTED DATA AND ICE CONDITIONS

The local ice impact loads data collection program has made use of four
deployments of POLAR SEA between the fall of 1982 and the fall of 1984 to
acquire data in different geographical areas. Seven data sets are identified
by geographical area and date of data collection. The data sets, representing
2039 individual impact events, are summarized in Table 1. A listing
summarizing the extremes of each event for each data set can be found in
Appendix A, sorted by the highest average single sub-panel pressure. Actual
routes of the ship or operating areas where the data were collected are shown
on the maps in Figures 2 and 3.

For two of the data sets involving ice conditions that included both
first-year and multi-year ice, it was possible to identify subsets of known
multi-year impacts. Sixty-seven known multi-year known multi-year events were
identified in the North Chukchi Winter 83 data which included the dedicated
rams of multi-year ridges described in Reference 1. An additional 32 known
multi-year events were identified in the Summer Beaufort 84 data set. The
multi-year subsets are summarized at the bottom of Table 1. It should be
noted that many more multi-year events occurred and were recorded in the South
Chukchi Winter 83, North Chukchi Winter 83 and Beaufort Summer 84 data sets,
however specific multi-year events could not be identified. The Beaufort
Summer 82 data were collected at a time when only multi-year ice, with the
exception of light refreeze, existed in the area.

Table 2 presents combined data sets that were grouped according to ice
conditions first and, secondly, according to geograpnic area. The data sets
were grouped to provide the larges: collection of data of similar conditions
for the extreme value analysis of Section 4. In this type of analysis, larger
data sets provide improved extrapolation to the longer return periods.

4
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TABLE I

SUMMARY OF DEPLOYMENTS, DATA SETS AND ICE CONDITIONS

ICE NO OF
TITLE & DATE LOCATION TYPE EVENTS

Beaufort Summer 82 100-150 nm north of Prudhoe Bay MY 167
Sep 28 - Oct 16 in the Alaskan Beaufort Sea

S Bering Winter 83 Transit from St.Paul Is. to the FY 173
Mar 24 - Mar 26 west end of St.Lawrence Is. in

the Bering Sea

N Bering Winter 83 Transit from St. Lawrence Is. to FY 241
Mar 27 - Mar 28 the Bering Strait in the Bering Sea

S Chukchi Winter 83 Transit from the Bering Strait to FY,MY 299
Mar 29 -Apr 2 Point Hope in the Chukchi Sea and
Apr 28 - May 2 return

N Chukchi Winter 83 Round trip transit Point Hope to FY,MY 513
Apr 3 - Apr 27 Wainwright in the Chukchi Sea,

operation off Wainwright

Antarctic Summer 84 McMurdo Sound, break-in to McMurdo FY 309
Jan 9 - Jan 13 Base

Beaufort Summer 84 Operation between Barter Is. and FY,MY 337
Nov 18 - Dec 1 Barrow in the Beaufort Sea, transit

through the Chukchi Sea to the
Bering Strait

SUBSETS OF KNOWN MULTI-YEAR EVENTS

N Chukchi Winter 83 MY North Chukchi Sea off Wainwright MY 67
Apr 3 - Apr 27

Beaufort Summer 84 MY Beaufort and Chlkchi Seas MY 32
Nov 12 - Dec 1

7/3



TABLE 2

SUMMARY OF COMBINED DATA SETS

ICE NO OF

TITLE COMBINED FROM TYPE EVENTS

Known Multi-Year Beaufort Summer 82 MY 266

N Chukchi Winter 83 MY
Beaufort Summer 84 MY

Heavy Mixed FY & MY Beaufort Summer 82 FY,MY 1017

S Chukchi Sea 83 N Chukchi Sea 33
Beaufort Summer 84

Known First-Year S Bering Winter 83 FY 723

N Bering Winter 83
Antarctic Summer 84

Summer Beaufort Sea Beaufort Summer 82 mostly MY 504

Beaufort Summer 84

Winter Chukchi Sea S Chukchi Winter 83 FY,MY 398

N Chukchi Winter 83

Winter Bering Sea S Bering Winter 83 FY 812

N Bering Winter 83

9



3. ANALYSIS OF PRESSURE VERSUS CONTACT AREA RELATIONSHIPS

The intent of this section is to investigate specific relationships that
may exist among the data collected. Section 3.1 examines an actual event to
illustrate the nature of the measured pressures. Section 3.2 looks at
average pressure over the contact area. Three of the data sets (North Chukchi
Winter 83, South Bering Winter 83 and Antarctic Summer 84) are used to
illustrate three major operating scenarios; high Arctic with old ice,
first-year ice near the ice edge and first-year thick level ice. Section 3.3
shows the influence (or lack there of) of impact force on velocity.

3.1 Pressure Imprint. Descriptions

Ice pressure is calculated at each time step within an event by
multiplying the sixty measured strains by a 60 x 60 matrix to produce the
sixty average ice pressures over the sub-panel areas. Results from each event
are saved in the form of an impact pressure time-history. Figure 4 shows
these calculated pressures for five sequential time-steps for an event taken
from the North Chukchi Winter 83 data set. Sampling occurred 32 times per
second so the time-step shown is .031 seconds. The values printed are in psi
(145 psi = I MPa) and are arranged in the same manner as the sub-panel areas
on the hull.

This event took place during April, 1983 in the North Chukchi Sea,
resulting in a peak pressure of 1141 psi (7.9 MPa). To illustrate the
impact, all values above 100 psi (0.69 MPa) were highlighted. The sub-panels
are approximately square so this event has a length to height ratio of about
4. Part of the event may be below the panel which would reduce this ratio.

A few negative values can be seen both near the imprint and on the
"quiet" portions of the panel. Two factors account for the negative values.
One is a shift in the zeroes of all channels due to thermal effects. New
zeroes could only be taken when there was no load on the panel and often this
was not possible. Negative zero shifts result in measured values below the
true value. Near the impact, negative values could also result from an
assumption in the data reduction algorithm. The algorithm assumes that the
impact pressure is uniform over the sub-panel area. If the actual impact is
concentrated over a smaller area than the sub-panel, the uniform pressure for
that sub-panel will be over-predicted and the adjacent sub-panels will be
under-predicted (negative if there was no actual load on them). The two
effects cancel and are therefore not expected to, cause any significant errors
(i.e. less than 10 percent).

Software was developed during the 1984 Antartic deployment to correct the
thermal drift problem. This involves viewing and zeroing each strain gage
time-history prior to data reduction. All data collected after 1983 has
employed this method as part of the data reduction process. Additionally,
revision of the data reduction matrix to include the effects of non-uniform
sub-panel loading has been studied. While reduction of all the data sets a
second time with an improved matrix would improve the accuracy of the
predicted pressures, the improvement would not affect the final results
significantly and would not warrant the effort required.

10



PRESSURES AT EACA TIME STEP DURING THE EVENT

TIME STEP '3 TIME (sec)
FRAME 44 43 42 41 40 :9 38 37 36 33
ROW

3 -, -39 -:6 -36 -Z6 -ZO -34 -30 -- i_ --_
4 -12 -74 -22 -30 -35 -17 +9 -6 -U2 -1
5 -a +8 - -1 +13 -24 +7 +9 +5 -73
6 -f +7 +61 +54 +52 +81 +2i Ec +810= +81 + 'a -093

7 +8 +9 -] + I+43-- +!53 +4Z +19 +69 24
8 -1 F 1 +E!4 +767 +:3-S +t2 "C7 -21 -7 -26

TIME STE- 54
FRAME 44 45 42 41 40 39 39 37 36 35
ROW

=9 -44 -41 -Z6 --- -20

4 -20 -41 -22 -=5 -27 -10 +5 -7 -10 -3
5 - 0 +3 +1 -2 +7 5 -if -3a -.062
6 +f1 +ca +46 +5S .7 +29 16 -G5 +77
7 +Z5 -7 -+449 +410 1 + 2 - 4 +1O1 Z
a +E2 [+505 +e74 +83 +2!3 - -1 -24

TIME STEP 5
FRAME 44 43 42 41 40 9 38 37 36 3
ROW

-49 -49 -4 -- - --- 1 -9 -1
4 -30 -: -:0 -Z9 -Z -2 +2 -6 -ii
5 -1: +11 -16 +4 +14 -25 +6 -6 -2 -is -.031
6 -; +6p +71 +3 -E2 +77 +!4 Fi 71 +44
7 +-2 -41 -E0 -00 1+474 +240 I +is 7_3 1 +30
8 1+19 4 +676 +991 +8E -7Z + 2 -21 -:6 -i9

TIME STEF? S6
FF'AME 44 43 42 41 40 3 G 37 3: :6
ROW
- -44 -!:6 -44 -- -:4 -70 -22
4 -4: -68 -21 -.3 -12 +o -4 -6 -10 -2 0
5 -1Z +11 -25 +? +16 -21 -1 -12 -: -.3
6 +4 +91 +71 +23 <23 +62 +88 +92 +48 +28
7 -27 -e9 - 4-1 184 +409 +115 1 +24 +99 +-54 +24
8 E.S06 +790 -!141 +766 I -: 2 24 +15 -:0 -53 -10
TIME STEP 57
FRAME 44 43 42 41 40 :9 38 37 6 35

ROW
5 -41 -60 -41 -31 -- 1 -51 -S1 -27 -13 -22

4 -48 -76 -20 -49 -4 -3 -s -4 -10
5 -17 +6 -31 +12 +14 -18 -6 -19 -12 -12 +.031
6 +1O +98 +68 +t(3 +q +55 F - 66 +26 +26
7 +17 -114 +t 1+2Z--+242 +61 31 +161 +2 0 4  +0

8+4Z1 +823 +1118 +581 --,1 --11 +Z1 -48 -58 +1

EVENT RECORDED IN THE NORTH CHUKCHI SEA
ON APRIL 24, 1983 AT 16:11:59

Note: Values above 100 Psi (.69MPa) are highlighted

Figure 4
EXAMPLE OF AN ICE PRESSURE IMPRINT

11



3.2 Average Pressure versus Contact Area

There are many ways to plot pressure versus area. In this section only
the average pressure over the total contact area will oe considered. This
should not be colfused with the average pressure over some smaller area within
the contact area. In this section, data points associated with a single sub-
panel area imply that the total contact area was only one sub-panel area for
that event and so forth for larger areas. Higher average pressures over a
portion of the contact area are not plotted. It is important not to confuse a
plot such as Figure 5 with one such as Figure 10 that plots highest average
pressures within the contact zone.

Looking at average pressure and contact area helps to understand the
mechanics of the impact event. To make use of this data for design, it is
useful to know the contact area associated with a given force (which implies a
certain average pressure over the contact area). In this section, the pressure
versus height (line loads on transverse frames) and pressure versus length
(line loads on longitudinal framing) will also be presented.

Ficure 5 shows the average pressure versus contact area for 3 of the data
sets. Ficure 5a is from the North Chukchi Sea 83 data an- repcesents the high
Arctic with considerable multi-year ice. Clearly the large imprints have
lower average pressures. At 86 ft 2 (8 M2), the pressure tends to cluster
around 60 psi (0.4 MPa). Figures 5b and 5c show similar data for the South
Bering Sea 83 and Summer Antarctic 84 data. The relatively light first-year
ice conditions of the South Bering Sea produced low average pressures over the
contact area. The Antarctic data taken in thick first-year ice fell between
the other two data sets.

The same data can be viewed as a plot of force versus contact area shown
in Figure 6. The highest force in the North Chukchi Winter 83 data set (Figure
6a) occurred at only 43 ft2 (4 M 2). One would expect the highest forces to be
associated with the largest contact areas, in general, as the other data sets
show (Figure 6b and 6c). Possibly there were insufficient high energy impacts
in hard ice to generate both large forces and contact areas at the same time.
The randomness of the ice properties could also be responsible. Figures 6b and
6c show a much clearer trend of increasing force with contact area, however.

Figures 7 and 8 show the average pressure as a function of vertical and
horizontal extent. These values are useful in predicting the loads on local
framing members. Later sections will further examine the implications to
design.

12
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3.3 Force versus Velocity
Analytical models of ice impact mechanics predict a clear relationship

between force and velocity [5, 6]. Figure 9a shows the force versus velocity

data for the POLAR SEA for the North Chukchi Winter 83 data set. The maximum
force for each event (one data point per event) is plotted against initial
impact speed. No clear trend with velocity is evident in the data. Figure 9b
shows the same data for the Antarctic Summer 84 data set. In the latter case,
there does appear to be an increase of force with increasing velocity, however
the trend could be masked by the fact that the data were collected in varying
ice thicknesses from 3 to 6 feet (I to 2 m) and the actual ice thickness for
an individual impact is not known. In the former case, the ice conditions
included a range of first-year and multi-year floes witn widely varying
thicknesses. With such a range of ice Conditions and the tendency for
operators to be more cautious in heavier ice, it is not surprising that no
clear trend was found. It is evident that both high and low forces occurred
at all speeds. Speed control (other than that which was already imposea)
would not have lowered the force levels.

Two general conclusions can be drawn from this data. One is the need to
collect ice properties data in as much detail as possible. Secondly, unless
detaiieu ice georetry and properties data exist, only statistical analysis of
the data is valid. Statistical values can be derived from the data that
describe the ship impact process in an overall sense. This work has been done
and is presented in Section 4.
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4. STATISTICAL ANALYSIS OF THE DATA

4.1 The Shaoe. of the. Ice. ImDact. Pressure-Area. Curve. and. its. Effect on Ice
Load Development

During the course of data reduction and analysis of four deployments of
collected data comprising over 2000 impact events, a multitude of pressure
versus area plots were produced. These include plots for each time step
throughout an event, plots at the time of peak pressure and peak force during
each event, and plots of the highest recorded pressure over each area for all
events in a data set. One sianificant fact emerges; the pressure-area curve
has a consistent and characteristi: shape whether it is for one instant of one
impact or the extreme envelope of many impacts.

The implications of this finding have a profound effect on simplifying a
statistically based ice impact load algorithm. The pressure-area curve is
typically plotted on a log-log scale as shown in Figure 10. At small impact
areas, pressures tend toward a line whicn decreases slightly with increasing
area. At large impact areas, the average pressure becomes force limited and
tends toward a line proportional to the reciprocal of area. The upper line or
the pressure asymptote has a constant slope on this type of plot that is
determined by area to a power in the range of -0.2 and -0.3. Events occur
randomly and the effect is to shift the asymptotes up or down, or to the left
or right, depending on the severity of the impact and the type of ice
encountered. If the average pressure over a small area is independent of the
total force during an impact, each can be predicted statistically from
measured data to determine the asymptotes of the pressure-area curve. The
complete design curve at all areas can therefore be generated from two lines
of constant slope, one associated with a limiting pressure and one with a
limiting force.

The slope of the limiting pressure line was determined from a number of
sources. First, envelope pressure-area curves from a number of measured data
sets are shown in Figure 11 for a wide range of areas. As one can see a line
of area to the -0.2 power fits the limits of the data well. Secondly, Figure
12 presents an analysis of the extreme events from the 1982 Summer Beaufort
Sea deployment. Data from the pressure-area curves for these events up to 6
sub-panels was non-dimensionalized and plotted in the figure; that is, the
ratio of the highest average pressure over 3 sub-panels to that over 1 sub-
panel is plotted against the ratio of the areas (3), for instance. Most
combinations of sub-panel ratios are considered in the plot up to 6 sub-
panels. One can see that the upper bound of the data approaches a limiting
slope of area to the -0.2 power.

There is an apparent correlation with theory as well. If it is assumed
that the impact pressure (P) is proportional to compressive ice strength [12]
and ice strength ( c) is proportional to strain rate (L) to a fractional power
b [13], then it can be shown that pressure is proportional to area to the -b
power for certain shaped indenters. Unconfined crushing strength shows this
behavior at low strain rates. At the high strain rates normally encountered
in ship/ice impacts, unconfined crushing strength becomes constant, but
triaxially crushing strength continues to exhibit this relationship with the
same fractional power as the unconfined case at lower strain rates.
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Consider a spherical shaped indenter where the strain rate at the failure
zone is proportional to:

* U

=

z

where u is the indentation velocity and
z is the indentation distance

A
z = A for small z

where A is the contact area and
R is the radius of the indenter.

Therefore:

• u

A

p c . ub A-b

A similar result occurs if it is assumed that the strain rate is proportional
to the indenter velocity divided by the contact area.

Coxet al. [13] presents uniaxial compressive strength data for .Jlti-year
ice from the Alaskan Beaufort Sea tested at different temperatures. The mean
of the data taken at 23 degrees Fahrenheit (-5 degrees Centigrade) gives a
value of 0.209 for b. This compressive strength data should be typical of the
strengths of the multi-year ice that generated the ice impact loads. The slope
of the pressure limit line predicted by this method is again very close to the
-0.2 shown above. This is not to say that the complex interaction of impact
of a ship's side with ice can be directly compared with spherical indentation
or triaxial crushing tests, but this development does show an interesting
correlation to the measured results.
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4.2 Regression of Extreme. Value. Distributions

Individual impacts from all deployments consist, in reduced form, of
time-histories of the average pressure over each of the sixty sub-panel areas
within the load panel. During data reduction, each sub-panel time-history is
scanned to identify the time of highest average pressure over any of the sub-
panels during the event and the time of peak force on the entire panel. The
corresponding pressure and force are also noted. Pressure versus area relation-
ships are developed for both of these times during the event by identifying
the highest pressure on any sub-panel at that time, checking all contiguous
areas for the next highest pressure and so forth until all loaded areas have
been identified. Since each sub-panel area is the same, 1.63 ft2 (0.15 M2 ),
the result is a tabular listing of the decay in average pressure as a function
of the number of sub-panels that are contiguously loaded at the time of peak
pressure and peak force for each event. The number of sub-panels can easily
be multipliea by the sub-panel area to produce plots of pressure versus area
at a given instant of time as shown in Figure 10.

Additionally, the highest load along a frame or stringer was also computed
since the sub-p;nel width was the frame spacing (16 in or 400 m) and the
sub-panel height was almost the frame spacing (14.7 in or 375 mm). For the
load on the frame, the highest average pressure on a single sub-panel was
located first, then the highest average pressure over two adjacent sub-panels
arranged vertically one above the other, and then three adjacent sub-panels in a
vertical line. The process continued for each number of sub-panels up to six
in a vertical line, the total height of the array of sub-panels in the bow
panel. The force for each was computed as the average pressure times the
corresponding measurement area. The force remained relatively constant
regardless of the length of the measurement area (high pressures over short
lengths and low average pressures over longer lengths) but the maximum typically
occurred at a length of about half the panel height. The fact that the force is
relatively constant for all frame lengths allows a single value of force to be
used to characterize each event. The fact that the maximum force on a frame
occurred at a span roughly half the height of the panel means that the limited
panel height was sufficient to capture the maximum load on the frame and should
not effect the extreme value analysis. A similar process was done for adjacent
sub-panels in a horizontal line, assuming the ship was longitudinally framed.
The force versus stringer length for up to 10 sub-panels arranged in a
horizontal line, the bow panel length, was computed and the highest was saved
for the extreme value analysis.

The above described procedures have been performed as part of the data
reduction process for each event on each deployment. The statistical analysis
conducted for and described in this report starts with this data as well as the
peak force on the entire panel for each event as its basis. The highest average
pressures over one and four sub-panels from the pressure-area curve and the peak
forces on a frame and stringer as well as the force over the total panel were
analyzed statistically. Events were divided into data sets based on geographic
area of operation or ice conditions as described in Section 2. Each of the five
variables was identified for the events in each set of data and ranked from
highest to lowest. The corresponding probability of non-exceedance was computed
based on the formula:

Probability = 1-1/(N+I)

where I is the rank of the variable in the data set and N is the number of
events in the data set.
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A three parameter extreme value distribution was then fit to the pressure
or force versus probability data [14]. The curvature parameter in the extreme
value curve fit is an indication of the type of asymptotic distribution as
described in Appendix B. Three types of distributions are possible [15]; a
Gumbel (Type I) which is unbounded and linear on extreme value probability
plots, a Frechet (Type II) which is unbounded and linear on log-extreme value
plots, and a Weibull (Type III) which has an upper bound. The trends in the
parameters of the distribution and therefore the type of distribution with
respect to ice conditions have been studied and indicate that the more severe
ice conditions have a Frechet type distribution. As ice conditions decrease
in severity, a Gumbel type extreme value distribution appears to be more
appropriate. First-year ice conditions often exhibit an upper bound in
extreme loads, indicating a Weibull distribution gives the best fit to the
data. Appendix C gives plots of the extreme value distributions for the five
variables studied as well as the corresponding three parameter curve fits.
Tables of the curve fit parameters are shown in Appendix D. Correlation
coefficients for the curve fits were typically 0.98 or higher indicating an
excellent fit to the data.

Figure 13 shows the single sub-panel pressure data from the North Chukchi
Winter 83 data set as an example. Also plotted is the Gumbel distribution
computed graphically for 386 of these events in the 1983 report describing
this data collection [1]. As one can see, the three parameter curve fit
indicates a Frechet (Type 2) extreme value distribution, due to the upward
curvature. The curve fit of reference [1] is slightly below the full data set
because only a portion of the data was used in the initial analysis.
Extrapolation to longer return periods using the reference [1] curve fit would
under-predict the extreme pressure substantially compared with the three
parameter curve fit.

Figures 14 and 15 show a comparison of the highest average pressure over
one sub-panel and the highest force on the entire panel extreme value
distributions, respectively, for different geographical areas in the Alaskan
Arctic. Figures 16 and 17 show corresponding distributions for different ice
conditions. The relative increase in the severity of the ice loads with
increasing latitude and increasing severity of ice conditions is apparent in
the figures.
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4.3 Application to a Design Procedure

Section 4.1 described the asymptotic nature of the pressure versus area
curve, for a single instant of time, observed from the measured data. That
section also showed that the slope of the pressure asymptote appears to fall
within a narrow range of values related to the crushing strength versus strain
rate behavior of the impacted ice. If the slope for the pressure asymptote is
defined by the type of ice, then the extreme value distribution for single
sub-panel pressure can be used to estimate the highest expected pressure in a
given return period for one contact area (1.63 ft 2 or .15 n 2) and thus
define the location of that asymptote on the pressure-area curve. The force
asymptote can be similarly determined from the extreme value distribution of
force using the same return period. Since average impact pressure equals the
impact force divided by the contact area, the force asymptote plots as a 45
degree line on a log-log pressure-area curve (see Figure 13).

But which force distribution should e used? The extreme value distribu-
tions described in Section 4.2 and given in Appendix C are a characterization
of the forces over very specific areas ana, additionally, very specific shaped
areas. The total panel force is measured over the entire instrumented panel;
an area of 98 ft2 or 9.1 M. The panel dimensions are 7.3 feet high by 13.3
feet long (2.24 by 4.07 m). The force on a frame data used in the distribu-
tion are the highest force for each event computed from the pressure versus
length along a frame described in the previous section. This force is con-
sidered to act over a vertical strip of hull plating 16 inches (400 mm) wide
and jp to the height of the panel high. Similarly, the force on a stringer is
assumed to act over a horizontal strip along the hull that is 14.7 inches
(375 mm) wide and up to the length of the panel in length. For local ice
impact load development, l.e. the determination of loads for plating, frames

and stringers, the force on a frame for transversely framed ships and the
force on a stringer for longitudinally framed ships should be used. The force
distribution must be consistent with the loaded area of the scantlings for
which it will be used.

The distributions of total force on the panel and highest average
pressure over four sub-panels also given in Appendix C are included for
completeness. The total force distribution indicates the magnitude that ice
forces can reach for bow contact areas up to 98 ft 2 (9.1 M 2). The panel did
not measure total bow force, however, since some of the shell plating was
obviously loaded outside the instrumented panel. Large area loads such as
those that might be useful for design of girders, decks and bulkheads are
therefore best determined either from global load measurements or analytical
models that estimate total bow force. The measured data indicate that a
contact area corresponding to four sub-panels is about where the intersection
of the force and pressure asymptotes occur (see Figure 18). This is the part
of the pressure-area curve where the actual pressure deviates most from the
asymptotes. The four sub-panel distributions give an indication of the
magnitude of this deviation, therefore.
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To summarize, the extreme value distributions of the measured data can be
used to develop a pressure versus area curve that describes the highest
expected ice impact pressure in a given return period for the range of impact
areas associated with local hull scantlings. The data presented in Section 4.2
is only appropriate to huliforms of similar size and shape to that of the
POLAR Class and framing systems of similar spacing to that described here.
Application of this approach to other ship designs will be discussed in the
following section.
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5. RECOMMENDATIONS FOR LOCAL ICE LOAD DESIGN CRITERIA

5.1 Bow Structure Load. Criteria

It is the opinion of the authors that two conditions or return periods
should be considered when developing the ice loads for design; the normal
operating condition (loads in the range of one to three year return period)
and the survival condition (lifetime loads). Normal operating loads should
cause no deterioration in the ship's operating performance while survival
loads may cause some loss of performance but not catastrophic failure.

To develop the loads for each loading condition, the expected number of
impacts must be estimated for the time period by conducting an operational
assessment of the ship in the ice conditions in which it will operate. Table 3

gives a summary of the frequency of impacts for the collected data to assist
in this estimate. The reciprocal of the number of impacts expected is the
probability of non-exceedance used to enter the figures in Appendix C for the
loads. The single sub-panel pressure establishes one point on the pressure
asymptote (see Figure 18). The maximun force on a frame or stringer distribu-
tions establish the force asymptote, depending on whether the ship is trans-
versely or longitudinally framed, respectively. It should be noted that the
normal operating condition will be associated with a relatively small number
of impacts which fall within or just beyond (slight extrapolation from) the
measured data. This is not usually the case with survival loads; the number
of imDacts may require a large extrapolation from the existing data base of
measured loads. There is typically a much higher confidence in the normal
operating loads, therefore.

An example will be presented to help illustrate the proposed procedure.
Assume that an icebreaker is being designed for operation in the Northern
Bering Sea and is expected to be underway there for two winter months out of
the year. It is expected to operate 12 hours per day during this time. The
annual number of impacts is estimated to be:

8.2 impacts/hr X 12 hr/day X 60 days/yr = 5904 impacts/yr

See Table 3 for measured impacts per hour in different operating areas.
If the normal operating loads are taken as those expected annually, the
probability to enter the distributions for N Bering Winter 83 (Appendix C) is
one minus the reciprocal of 5904 or .99983. The graphs of the distributions
can be used directly or, more accurately, the equation for the three parameter
curve fit can be used:

Result = [1-(-ln(Probability))CJ (A2/C) + Al

The coefficients from Tables D (single sub-panel pressure) and D4 (force on a
frame) are:

C Al A2 RESULT

Pressure .026 289 (1.99) 84 (0.58) 942 (6.49) psi (MPa)
Force on a Frame -.239 36 (0.36) 11 (0.11) 356 (3.55) LT (MN)
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These results are shown graphically in Figure 19. The authors recommend using
the average pressure over an area equal to the frame spacing squared as the
design pressure for plating. For a 16 inch (400 mm) frame spacing, the
pressure is slightly less than the result shown above since the sub-panel
measurement area was slightly smaller than the frame spacing squared. The
results can be scaled by the factor [(16 x 16)/(144 x 1.63)]-0.2 = .983 to
obtain the plating design over the frame spacing squared (926 psi or 6.38 MPa
for this example). Design pressures for frame design can be taken from Figure
19 for this example using an area of the frame spacing times the loaded length
along the frame. A loaded length equal to the frame span will result in a low
uniform pressure over the entire span while choosing a shorter loaded length
will result in a higher uniform pressure over a shorter length, presumably the
limiting design condition.

The measurement panel that recorded the data presented in the previous
chapters was located in the bow of the POLAR SEA. Load criteria based on the
measured data can only be developed for the bow therefore. Extension of these
loads to other areas of the ship will be discussed in the next section.

TABLE 3

FREQUENCY OF OCCURRENCE OF IMPACT EVENTS FOR THE MEASURED DATA

AVERAGE TOTAL NUMBER
TYPICAL IMPACT RECORDING ELAPSED OF

DATA SET THRESHOLD FREQUENCY TIME TIME IMPACTS
(P) (events/hr) (hrs) (hrs)

Beaufort Summer 82 250 3.2 52.2 314.4 167

S Bering Winter 83 75 10.5 16.5 29.0 173

N Berina Winter 83 120 8.2 29.5 48.5 241

S Chukchi Winter 83 120 4.4 68.0 206.5 299

N Chukchi Winter 83 150 3.6 143.0 617.0 513

Antarctic Summer 84 100 21.0 15.0 15.0 309

Beaufort Summer 84 150 4.9 68.8 325.5 337
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5.2 Extension of the Criteria to. Other Areas of. the. Ship

Measurement of hull-ice impact loads has concentrated on the bow of
icebreaking ships since this is where the highest local loads occur. The bow
area is normally considered to extend to the point of maximum beam though some
reduction in impact pressures is expected near the shoulders due to the
relatively low angles of incidence with the ice. Section 5.3 will discuss the
effect of hull shape on the local ice loads. This section will deal with the
areas aft of the forwardmost point of maximum beam which are generalized as
the amidship area and the stern area. Specific ice impact loads have not as
yet been measured in these areas of an icebreaking hullform. Guidelines that
exist are based on theory or experience or both.

The stern area will be addressed first since it can more directly be
related to bow loads. Previous sections stated that the pressure asymptote of
the pressure-area curve appears to be largely independent or very weakly a
function of impact speed, however the force asymptote is linearly related to
impact speed. One would therefore expect that if the maximum astern speed was
some percentage of the maximum forward speed in heavy ice conditions, say 30
to 50 percent, then the force on a frame or stringer values would be reduced
by a similar factor relative to the bow forces. This results in a shift of
the force asymptote to the left on the pressure-area curve as shown in Figure
19. The pressure asymptote remains the same indicating that average impact
pressu7-s over very small areas are expected to be equivalent to pressures
over the same area at the bow. This probably means that frame design loads
will be reduced more than plating design loads relative to the bow (presuming
that the bow plating is determined by the pressure asymptote). An astern
shape similar to the bow shape has been assumed. While this may be a good
assumption for a conventional icebreaker like the POLAR Class, transom-sterned
ships such as many of the icebreaking supply boats that have been built
recently will probably require additional corrections for local hull angles.

For the amidship area, the problem is more complex. The ice impact speed
normal to the hull in the midship area is small for straight ahead
icebreaking. While the normal velocity can increase in turns or when the ship
is maneuvering, the limiting load is almost certainly due to a pressured ice
condition. Pressured ice conditions can occur when the ship is moving, however,
the greatest large area average pressures are most likely when the ship is
beset. Several theoretical solutions have been advanced for the load per unit
length that can be developed in an ice sheet under pressure. These are
grouped in two categories (summarized in References 16, 17 ) known as ridge
building forces, the load that causes failure in the ice sheet, and limiting
driving force, the load that can be developed due to wind and current loads.
The maximum force per unit length that exists in an ice sheet is the minimum
of the two solutions; that is, if the driving force causing the pressure
exceeds the load carrying capacity of the ice sheet, then the ice sheet will
fail limiting the load to the failure value. Several of the solutions are
shown in Figure 20 for the load on a multi-year floe in a three foot thick
pressured ice sheet. It should be noted that driving force is limited by the
first-year ice cover, the weakest part of an ice field that may contain
multi-year floes of much greater thickness. The same loads could be seen by a
ship beset in these conditions.
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Figure 20 shows that loads range from 20 LT/ft (0.66 MN/m) to over 100 LT/ft
(3.3 MN/m) depending on the loaded length and the thickness of the ice cover.
But these loads are global in nature, those that are expected over the length
of the waterline. Local impact pressures recommended by various classification
societies for the midship area are approximately sixty percent of bow design
pressures. Canadian Arctic Shipping Pollution Prevention Rules (CASPPR) [18]
recommend 63 percent, the USSR Rules [19] recommend 60 percent and the new
American Bureau of Shipping (ABS) Rules [20] recommend 50 to 60 percent for
icebreakers depending on ice class.

36



MN/m LT/ft

4 120 4-12-BUCKLING (SODHI)

100

w 3-

0
u. 80-

z_:

2 60

40-

EMPIRICAL (SANDERSON)

20-

, MIXED MODE FAILURE (KRY)

RIDGE BUILDING (PARMERTER AND COON)
0 0 i I ft

0 1,000 2,000 3,000 4,000 5,000

I I I m
0 500 1,000 1,500

MULTIYEAR FLOE DIAMETER

Figure 20

ESTIMATES OF LIMITED DRIVING FORCE ON A MULTIYEAR FLOE
SURROUNDED BY 3 FOOT THICK

FIRST YEAR ICE

37



5.3 Areas. for Improving the. Load. Criteria

Certainly one area for improving ice load criteria is measurement of
local ice loads in locations other than at the bow. Section 5.2 discussed ways
to apply the data base of measured bow loads to other areas of the hull which
are based on theoretical development and experience. Measured loads,
especially in the midship area, would not only verify these methods but also
provide a better understanding of the ice-structure interaction as well. The
slow speed impact loads that might be experienced by the midbody of a ship in
the beset condition also have application to offshore structures and,
conversely, measured data on offshore structures might be useful in studying
the ship problem.

Two other areas of improvement must be considered to properly address the
full range of icebreaking ship sizes and hull impact locations. The first is
the aspect of the effect of local hull angles on the resulting loads. Both
the ABS and Russian Rules incorporate a theoretical solution of the effect of
local hull angles. Figure 9.2 of the new ABS Rules [20] is reproducea in
Figure 21. The figure shows the variation in non-dimensional force with
changing waterline half-angle (a) and local section angle (a) measured from
the vertical. The values of these variables at the location of the
measurement panel on the bow of POLAR SEA were a = 30 degrees and a = 54
degrees. The resulting non-dimensional load factor is 0.9. One can obtain an
estimate of the expected loads at a location with different hull angles by
reading the load factor for the location from Figure 21, dividing the factor
by .9, and then multiplting the result by the statistically derived pressure
of Section 4 appropriate to the ice conditions being considered. Experimental
verification of the uncerlying theory would increase one's confidence in the
validity of the predicted results, however.

The second area is the effect of the ship's displacement and power on the
resulting loads. Johansson [21] proposed a relationship for ice impact
pressure (P) as a function of the ship's power (N) and displacement (A) as:

P = PO + c(N A)b

where Po and c are constants and b is 0.5 in his work developing the Finnish-
Swedish Rules [22] and later modified the exponent b to 0.33 for Arctic LNG
tankers [23]. in his discussion of the latter, Tunik [24] recommended the
expression:

P = Po + c N0-18 AO. 05

based on the work of Kurdyumov [25]. More recently, in his work developing the
new ABS Rules, Tunik has adopted an expression of the form:

P = c N0 -2 AO.15
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As more data is collected from ships of different sizes and with
different available power, it will be important to try to validate these
functional relationships. The task is very difficult however. Variations in
ice conditions between different sets of measured loads can easily mask the
effects of power and displacement. It is important to note that care must be
used in scaling measured ice loads by these relationships as well, since the
total available power is not always employed when the data are being
collected. This is particularly true in the case of the POLAR SEA due to the
flexibility of her propulsion plant. Each of her three shafts can be driven
in diesel-electric mode up to 6000 HP or gas turbine mode up to 20,000+ HP.
She is often operated in some combined configuration which could lead to
erroneous results if scaling is based on total installed horsepower of 60,000
HP.
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Figure 21

COEFFICIENTS FOR NON-DIMENSIONAL PRESSURE VARIATION
WITH LOCAL HULL ANGLES
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6. RECOMMENDATIONS FOR RESPONSE CRITERIA

6.1 Plating Response

A statistical description of the ice pressures and forces has been
adopted. The previous section presented extreme value distributions of the
loads, extreme pressures or forces versus the probability of non-exceedance.
For a new design, the number of impacts expected in a given return period is
estimated from an operational assessment of the ship's intended mission.
Annual or several year loads might be considered operational; that is, those
that are resisted with no deterioration in the ship's performance. A second
return period, the desired lifetime of the ship, can also be considered. Loads
for this time period represent survival loads; the ship should resist these
with some probable reduction in performance but no catastrophic failure.
Obviously, response criteria for the two loading conditions will vary with the
ship and its intended use. A typical approach, however, might be to allow a
small amount of permanent set for the plating and only elastic response of the
framing under normal operating loads. Much more permanent set and even some
plasticity in the framing could be considered under survival conditions.

A variety of theories and response criteria are available in the
literature that could be considered for plastic response of plates. Figure 22
shows a comparison of plate response equations for the range from purely
elastic response to rupture. The curves in the figure are computed for high
tensile steel assuming a yield strength of 50,000 psi (345 MPa), an ultimate
strength of 85,000 psi (586 MPa) and a 16 in (400 mm) frame spacing. The
extreme left side of the figure (curve 14) shows an estimate of the load to
cause rupture assuming a strain of 14 percent [30]. The right side of the
figure (curve 1) shows the load to cause the yield stress assuming purely
elastic response. Between are plotted a number of equations for plastic
response to various levels of permanent set and, to the right side of the
figure, the current response criteria of ABS (curve 2), the USSR (curve 3),
and Canada (curve 4). It should be noted that all three of these response
criteria use an equation of the form:

t = C s /57

where y is the yield stress, P is the uniform pressure, s is the frame
spacing or plate span, and C is a coefficient that falls between the values of
.707 for an elastic response (curve 1) and .5 for formation of three plastic
hinges in a rigid-perfectly plastic model of an infinitely long plate with
fixed end conditions (curve 7). The ABS and USSR rules add an additional 0.236
in (6 mm) to the resulting thickness (The value is less for other than the
highest ice class) which accounts for their shift toward the elastic response
curve.
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COMPARISON OF EQUATIONS DESCRIBING PLATE RESPONSE
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(1) Elastic response, fixed end conditions, infinitely long plate [26].
(2) ABS Rules, 0.236 in (6 mm) corrosion allowance included [20).
(3) USSR Rules, 0.236 in (6 mm) corrosion allowance included [19).
(4) CASPP Rules, no corrosion allowance required [183.
(5) Clarkson, elastic-plastic, fixed end conditions, infinitely long

plate, permanent set of the same order as welding deflections [27].
(6) Hughes, elastic-plastic, clamped, ends free to pull in, aspect ratio of

0.133 (28].
(7) Johansson & Jones, perfectly plastic, fixed ends, infinitely long plate,

formation of three plastic hinges (21, 29).
(8) Chiu, Haciski and Hirsimaki, STAGS finite element model, fixed end

conditions, infinitely long plate, permanent set is 0.3 percent of
span (303.

(9) Chiu, Haciski and Hirsimaki, STAGS finite element model, fixed end
conditions, infinitely long plate, permanent set is 0.5 percent of
span (303.

(10) Jones, perfectly plastic, fixed ends, infinitely long plate,
permanent set equal to plate thickness [29).

(11) Jones, perfectly plastic using the ultimate stress, fixed ends,
infinitely long plate, permanent set equal to 10 percent of the
thickness [293.

(12) Membrane response, edge springs, infinitely long plate, permanent set of
10 percent of plate span (Appendix E).

(13) Chiu, Haciski and Hirsimaki, membrane, pinned end conditions, infinitely
long plate, permanent set is 10 percent of span [30).

(14) Chiu, Haciski and Hirsimaki, membrane, pinned end conditions, infinitely
long plate, permanent set is 23 percent of span, estimate of rupture
using a strain of 14 percent [30).
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Also shown are Clarkson's (curve 5) and Hughes' (curve 6) elastic-plastic
solutions. Curve 5 assumes an infinitely long plate with permanent set similar
to that experienced during fabrication process. Hughes' equation allows for
edge pull-in, which he and Ratlaff and Kennedy [31, 32] state is important for
stout (small span to thickness ratio) plates typical of icebreakers. Hughes'
equation includes the effect of plate aspect ratio which can also be
significant as plate length becomes smaller. Curve 6 uses an aspect ratio of
.133 or a plate length of 10 ft (3 m) for this example, since permanent set is
included in the equation only if the aspect ratio is non-zero. A permanent set
equal to 0.5 percent of the span has been used for curve 6. Chiu et al.
recommend a maximum acceptable permanent set of 1 percent of the span [33].
Further, they state that a reasonable criterion for permanent set is the
fabrication fairino criteria which is in the range of 0.3 to 0.5 percent of
the plate span for icebreakers. The same paper also computes the load versus
permanent set for a variety of plate thicknesses that might be used in
icebreakers usino a finite element model with non-linear material properties.
A two-dimensional model, where the plate has pinned restraints at the frame
locations, is used and the loading conditions include uniform loads over all
and alternating frame bays. For the case where all frame bays are loaded
(fixed end conditions), results are presented here in curves 8 and 9 for
permanent set equal to 0.3 and 0.5 percent of the plate span, respectively.

Coburn,et al. [34],suggest a response criteria of permanent set equal to
the p ate thickness for extreme loads on icebreakers using Jones' equation [29]
developed from riaid-perfectly plastic analysis of a plate with fixea end
conditions. For an infinitely long plate, the equation takes the form of that
presented above in this section with C equal to .354 (curve 10 in Figure 22).
Though curve 10 compares well with the finite element results of curves 8 and
9, the amounts of assumed permanent set are quite different. Curves 8 and 9
use 0.3 and 0.5 percent of the plate span which is approximately 3 to 16
percent of the plate thickness for the range of thicknesses considered.
D'Olivera [35] states that Jones equation is conservative for stout plates and
suggests using the ultimate stress or the average between the ultimate stress
and the yield stress to give a more reasonable result. If Jones' equation is
used with the ultimate stress (85,000 psi or 586 MPa) and permanent set equal
to ten percent of the thickness, the result (the dashed line, curve 11, of
Figure 22) falls within the finite element results of Chiu et al. Jones'
equation has the advantage of being simpler to use in design studies since it
is a straight-forward, explicit equation:

P/ct = 4 (t/s) 2 (I + w/t) 2  w< t

where w is the amount of permanent set.
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Appendix E presents a development of a plate response equation assuming
pure membrane response with edge pull-in. The edge pull-in is resisted by
springs equivalent in stiffness to the surrounding plating and permanent set
of ten percent of the plate span is assumed (curve 12 of Figure 22).
Appendix L snows tnat stout p]iLe! ueveiup edge hinges at small amounts of
permanent set using the work of Hughes. For the relatively large amount of
permanent set assumed in curve 12, the plate will exhibit membrane behavior and
edge pull-in will be resisted by the surrounding plate. This equation is
compared in the figure to the case of pure membrane response with fixed end
conditions and the same permanent set (curve 13) [30].

Figure 22 illustrates the wide range ol reponse equations and criteria
that could be applied to the icebreaker design problem. It does seem that
with a better understanding of ice impact loacs, a somewhat less conservative
response criteria could be used resulting in substantial weight savings in the
hull structure. There is a lack of test data however on stout plates which
could be used to validate the various theories. Some data is presentel Dy
Chiuet al. [30. 33]. The authors feel that additional test data on stout
plates is required,however to folly validate these meznods.

Additionally, certain equations presented here are appropriate for small
amounts of permanent set such as Hughes work and the finite element work of
Chiu et al. Small permanent set (0.5 percent or less of the plate span) is
the most appropriate response criteria for normal operating loaas where
permanent deflections are held to normal building fairness tolerances. Extreme
or lifetime loads might be used with a much less conservative response criteria
such as 10 percent of the plate span since there is still a great amount of
load capacity in the plate before rupture. Jones' equation or tnose of
Appendix E are intended to be used with larger amounts of permanent set.
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6.2 Frame Response Criteria

While various amounts of permanent set have been considered for plating
(lesser amounts for normal operating loads and greater amounts for extreme
loads), framing should generally be designed elastically. When one considers
plastic design of the plating, the assumption is that the edges of the plate
do not deflect. Standard practice is to design framing to a maximum stress
both in shear and bending which is determined by applying a factor of safety
to both the yield stress in bending and the maximum shear stress at yield
[36]. Some additional specific considerations are necessary for icebreakers.
The heavily loaded hull plating and framing in icebreakers reAuires specific
attention to a framing system that is forgiving (not prone to buckling such as
a trussed support system) and resistant to local crippling failure of the
frame webs and tripping of the frames. The latter requires the use of
tripping brackets and aligning the frames perpendicular to the hull plating as
much as the structural arrangement permits.

Framing tends to be governed by the shear loads, at least in high Arctic
icebreakers. The frame span can then be determined by the bending moment after
the frame depth as been determined by shear force requirements. As shown in
Se'tion 4, the highest average pressures on a frame quickly reach the force
asymptote as the span of the frame is increased, indicating that a short frame
carries essentially the same load as a longer one. Analytical methods such as
a finite eiement analysis of a typical frame can refine the response
predictions and therefore produce a more refined structure than is possible
with simple beam theory.

It seems prudent to use the existing practice of elastic fr 'le design
with a factor of safety for normal operating loads. Extreme loads could be
considered with smaller or no factor of safety or even small amounts of
permanent set as long as the framing system can resist these loads in shear
and bending without catastrophic collapse in some other mode of failure. It
should be noted that the thick plating typically employed in icebreakers
provides substantial increases in the plastic section modulus of frames over
the elastic one unlike conventional ship structure. An excellent paper by
Varsta [37] treats plastic response of an icebreaker frame and provides
insight into design for other modes of failure besides shear and bending.
Plastic design of framing can only be used with confidence after a better
understanding of the strength of the combined system of framing and hull
plating is developed. Finite element models of grillage systems for
icebreakers may help in providing a better understanding of this problem.
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7. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

The data collection and analysis efforts of this study have, over the
past five years, produced a solid data base of measured loads and procedure to
use the data for design. Measured loads have been gathered in all operating
areas of the Polar Clas: including thick level ice in the Antarctic and both
first-year and multi-year ice in the Arctic (2039 recorded ice impact
time-histories). This study was the first to produce detailed results of both
the spatial and temporal variation of local ice impact pressures, and has

\,greatly improved understanding of the ship/ice interaction process. Specific
-conclusions from the study are as follows:

" Both peak force and peak pressures during an impact increase with ice
severity (ice thickness and ice strength). " I , I ....

" In the Arctic, operation at higher latitudes increases ice severity and
therefore ice loads. <9

* Peak pressure during an impact appears to be only weakly dependent on
impact speed, ana no dependancy was discernable from the measured data.

* PeaK force during an impact does increase with impact speed and a linear
relationship between them appears reasonable. .' )

* Total force increases with increasing contact area but average pressure
decreases with increasing contact area. ' )

The average pressure distribution on thehull within the impact zone at
an instant in time is asymptotic to a line of constant force at large
areas and to a line proportional to a negative fractional power of area
(in the rance of -0.2 to -0.3) at small areas. The latter asymptote
appears related to the triaxial crushing strength versus strain rate
dependancy of the ice. ..../

* Extreme value distributions of ice force and pressure for the most severe
ice conditions show Frechet type or upward curving distributions.
Intermediate ice conditions follow a Gumbel or linear type distribution.
Only the distributions for data recorded in light first-year ice
conditions appear to be bounded or Weibul type distributions.

* It is possible to develop a design pressure versus area curve for local
loads based on the extreme value distributions of the measured loads and
an operational assessment of the ship's location. The design curve is
best suited to ships similar in size and shape to the Polar Class,
however, extension to ships of other sizes and shapes is possible using
theoretical and empirical methods for scaling the loads.

* The statistical design approach is a rational one given the randomness of
ice impact geometrics and ice properties.

* Two return period or load cases should be considered with the statistical
design approach; a one to three year normal operating load and a lifetime
survival load. The ship should resist the normal operating load with no
deterioration in performance and resist survival loads with no
catastrophic failure.
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" Plastic plating response criteria should be considered to reduce hull
weight given the high local loads. Small amounts of permanent set
similar to the fabrication fairing criteria can be considered for normal
operating loads while considerable amounts of permanent deformatinn can
be considered for survival loads.

" Plastic design of frames in shear or bending should be considered very
cautiously and only if all other failure mechanisms (tripping, web
crippling, etc.) are carefully considered. Permanent set in frames is
probably only acceptable for survival loads, and elastic design for
normal operating loads is more prudent.

The authors feel that this study provides a good basis by documenting and
providing understanding of local ice impact loads. It is recommended that, if
additional research is done in this area, the focus of that work be directed
toward gathering full-scale data on ships of other sizes and shapes and also
collecting data at different areas other than the bow. A systematic test of
load versus permanent set for small span to thickness plates would be useful
in validating the various response therories appropriate to icebreakers.
Finally, testing or analysis of thick plate grillage systems would provide
insight to the amount of plastic deformation that can be considered in frame
response.
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APPENDIX A

SUMMARY OF MEASURED DATA RANKED BY
SINGLE SUB-PANEL PRESSURE

KEY:

PMl - Maximum single sub-panel pressure (psi)
PAl - Average pressure over the contact area at

the time of peak pressure (psi)
Al - Contact area at the time of peak pressure

(sub-panels)
F1 - Total panel force at the time of peak

pressure (LT)
PM2 - Maximum single sub-panel force (psi)
PA2 - Average pressure over the contact area at

the time of peak force (psi)
A2 - Contact area at the time of peak force

(sub-panels)
F2 - Peak total panel force (LT)
VEL - Ship velocity at impact (kts)
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TABLE I

SUMMARY OF DEPLOYMENTS, DATA SETS AND ICE CONDITIONS

ICE NO OF

TITLE & DATE LOCATION TYPE EVENTS

Beaufort Summer 82 100-150 nm north of Prudhoe Bay MY 167

Sep 28 - Oct 16 in the Alaskan Beaufort Sea

S Bering Winter 83 Transit from St.Paul Is. to the FY 173

Mar 24 - Mar 26 west end of St.Lawrence Is. in

the Bering Sea

N Bering Winter 83 Transit from St. Lawrence Is. to FY 241

Mar 27 - Mar 28 the Bering Strait in the Bering Sea

S Chukchi Winter 83 Transit from the Bering Strait to FY,NY 299

lar 29 -Apr 2 Point Hope in the Chukchi Sea and

Apr 28 - May 2 return

N Chukchi Winter 83 Round trip transit Point Hope to FY,MY 513

Apr 3 Apr 27 Wainwright in the Chukchi Sea,
operation off Wainwright

Antarctic Summer 84 McMurdo Sound, break-in to McMurdo FY 309

Jan 9 - Jan 13 B)Se

Beatifort Summer 84 Operation between Barter Is. and FYMY 337

Nov 18 - Dec 1 Barrow in the Beaufort Sva, transit
through the Chukchi Sea to the

B'r ing Strait

SUBSETS OF KNOWN MULTIYEAR EVENTS

N Chukchi Wint'r 83 IY North Chikchi Sea off Wainwright MY 67

Apr 3 - Apr 27

Batifort Summr 84 MY Bautort and Chikuhi Se.as MY 32

Nov 12 - Dec I

A-2



BEAUFORT SUMMER 1982

DATE TIME PMI PAl Al FI PM2 PA2 AZ F2 VEL
03 OCT 1982 17:39:46 193 39 8 33 13 39 8 33 0.0
03 OCT 1982 20:44:43 195 72 6 4= 183 81 6 51 0.0
03 OCT 1962 17:31:S4 196 132 3 4- 196 1 3 42 0.0

03 OCT 1982 17:32:24 196 132 3 4 19 132 3 42 0.0
02 OCT 1982 21:15:44 208 29 33 100 208 29 33 100 0.0
02 OCT 1982 22:02:36 208 28 45 132 174 33 4S 1E 0.0
03 OCT 1982 17:30:54 213 44 10 4S 211 44 10 46 0.0
02 OCT 1982 21:37:=1 226 66 12 82 15 26 28 82 0.0
02 OCT 19E 21:92:03 236 40 11 46 190 38 17 68 0.0
03 OCT 1982 20:47:29 24Z 242 1 25 242 E5 S 29 0.0
02 OCT 1982 19:30:46 243 61 6 38 238 53 7 39 0.0
03 OCT 1982 20:20:16 245 31 11 35 237 116 4 49 0.0
02 OCT 1962 19:21:04 250 127 4 53 IS3 50 15 S4 0.0
03 OCT 1982 22:24:38 250 51 13 70 250 51 13 70 0.0
03 OCT 1982 21:15:50 Z53 86 5 45 253 8 5 45 0.0
01 OCT 1S62 11:46:07 260 119 4 S0 260 119 4 50 0.0
03 OCT 1982 20:29:50 250 162 2 38 245 205 2 43 0.0
03 OCT 1982 20:45:42 266 83 It a 266 e3 It 96 0.0
03 OCT 1982 17:43:58 275 100 5 S2 252 36 15 57 0.0
03 OCT 1982 22:27:24 29 292 1 31 292 292 1 31 0.0
01 OCT 1982 12:40:45 297 63 S 33 278 157 S 82 0.0
07 OCT 1982 17:52:51 298 74 11 85 269 72 13 98 0.0
03 OCT 1962 20:43:23 311 78 S 41 16 98 6 62 0.0
07 OCT 19872 17:56:S7 316 96 10 101 291 se 11 113 0.0
04 OCT 1982 00:03:58 324 103 S 54 291 85 6 54 0.0
01 OCT 1982 12:37:52 326 139 4 58 3:6 139 4 58 0.0
02 OCT 1982 19:35:34 327 129 4 54 327 129 4 54 0.0
02 OCT 992 19:50:48 327 245 4 103 325 46 31 150 0.0
01 OCT 1982 12:39:38 332 198 2 42 187 60 8 50 0.0
07 OCT 1982 17:55:27 333 104 4 44 237 65 8 S 0.0
03 OCT 982 17:30:24 334 82 8 69 334 82 8 69 0.0
03 OCT 1932 20:45:12 350 148 4 62 350 148 4 62 0.0
03 OCT 1982 18:03:34 35S 90 6 57 348 81 8 68 0.0
07 OCT 1982 18:07:53 358 323 2 68 358 323 2 68 0.0
02. OCT 1962 20:06:45 362 193 3 61 286 25S 31 81 0.0
03 OCT 1982 18:03:04 364 S 10 301 49 21 108 0.0
03 OCT 1962 21:11:50 364 364 1 38 279 104 6 S 0.0
01 OCT 1982 21:17:53 65 22 S4 I25 312 23 53 128 0.0
03 OCT 198Z 22:26:47 370 116 12 146 370 116 12 146 0.0
02 OCT 1982 19:44:01 371 48 20 101 320 56 1 2 112 0.0
02 OCT 1982 20:12:32 374 2S9 Z 63 291 22 35 81 0.0
01 OCT 1982 11:50:06 37S 278 2 58 3:5 293 2 61 0.0
01 OCT 982 12:22:12 378 76 9 72 204 50 19 100 0.0
07 OCT 1982 17:52:21 378 63 10 6 298. 81 10 85 0.0
01 OCT 1982 12:23:34 390 34 14 5 390 34 14 50 0.0
01 OCT 1962 21:23:29 3-2 50 43 226 377 53 42 234 0.0
02 OCT 1982 19:53:03 395 3s5 I 41 316 18 30 57 0.0
01 OCT I132 12:20:26 404 72 7 53 -74 S7 !0 102 0.0

07 OCT I182 18:E3:17 406 71 II 82 406 71 11 82 0.0
07 OCT 1982 13:z-5:46 419 102 7 75 371 tOg 7 78 0.0
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BEAUFORT SUMMIER 1982

DATE TIME PMI PAI Al FI PM2 PA2 A2 F2 VEL
01 OCT 1962 IZ:39:02 420 125 6 79 420 125 6 76 0.0
02 OCT 1982 18:38:34 421 64 10 67 408 80 8 67 0.0
03 OCT 1962 1S:4S:31 42S 68 13 93 326 59 15 93 0.0
03 OCT 1982 22:25:18 425 13S 10 142 421 13E 10 143 0.0
03 OCT 1982 21:13:53 433 108 5 S7 198 52 13 71 0.0
14 OCT 1982 11:59:00 434 118 9 111 419 102 11 118 0.0
07 OCT 1982 18:35:32 436 50 17 89 389 61 IS 96 0.0
07 OCT 1982 18:22:22 437 77 11 89 437 77 II 89 0.0
02 OCT 1982 20:30:09 439 41 43 185 271 42 46 203 0.0
02 OCT 1982 20:25:04 440 76 11 88 339 45 22 104 0.0
02 OCT 1982 20:3S:11 445 63 25 165 445 63 25 165 0.0
07 OCT 1982 18:29:Si 448 226 4 S5 448 226 4 S 0.0
13 OCT 1982 19:18:22 452 142 7 104 389 144 9 136 0.0
07 OCT 1982 18:07:24 452 120 14 176 4S7 120 14 176 0.0
02 OCT 1982 18:05:20 453 27 31 88 335 115 II 133 0.0
07 OCT 1982 18:19:14 45S 48 16 81 280 71 15 112 0.0
01 OCT 1982 11:39:47 465 194 4 81 397 121 7 89 0.0
01 OCT 1982 12:22:39 472 106 20 222 407 102 21 22S 0.0
03 OCT 1982 18:02:35 475 91 9 86 431 67 19 134 0.0
07 OCT 1982 17:55:57 475 63 9 59 288 16 4 65 0.0
14 OCT 1982 08:17:38 481 43 48 217 481 43 48 217 0.0
10 OCT 1982. 23:14:38 482 100 16 168 437 102 16 171 0.0
1Z OCT 1982 19:63:00 483 92 9 87 374 ItI 13 151 0.0
03 OCT 1982 19:42:32 494 69 14 101 494 69 14 101 0.0
13 OCT 1982 20:15:I1 50 368 3 116 505 368 3 ,.116 0.0
12 OCT 1982 19:09:S1 510 100 7 73 510 100 7 73 0.0
07 OCT 1982 18:13:34 511 41 22 95 469 38 24 96 0.0
10 OCT 1982 18:24:24 514 190 S 100 342 90 12 113 0.0
14 OCT 1982 11:33:42 514 86 9 81 514 86 9 81 0.0
12 OCT 1982 16:41:49 S16 114 10 120 516 114 10 12 0.0
14 OCT 1982 11:46:06 524 46 19 92 522 46 19 92 0.0

03 OCT 1982 20:31:59 525 93 11 107 436 140 11 162 0.0
12 OCT 1982 16:46:28 525 74 20 155 248 101 IS I59 0.0
10 OCT 1982 15:S8:18 S35 91 8 76 360 63 12 79 0.0
.01 OCT 1982 12:51:37 S42 542 I 57 542 542 I 57 0.0
II OCT 1982 00:19:37 544 194 9 183 475 242 8 203 0.0
03 OCT 1982 20:29:06 546 171 S 90 402 87 10 91 0.0
07 OCT 1982 18:28:52 546 124 8 104 239 7S 17 134 0.0
03 OCT 1982 21:12:59 550 121 5 63 550 121 S 63 0.0
03 OCT 1982 20:47:00 551 77 34 275 550 83 33 297 0.0
02 OCT 1982 19:00:25 553 139 8 117 484 127 10 133 0.0
03 OCT 1982 21:10:32 557 93 13 127 397 89 14 131 0.0
12 OCT 1982 16:58:22 560 124 10 130 316 115 11 133 0.0
12 OCT 1982 16:41:20 563 94 14 138 444 122 I2 154 0.0
10 OCT 1982 18:43:51 E69 182 8 153 299 UZS 16 210 0.0
1Z OCT 1982 17:16:31 673 96 17 171 50 94 21 207 0.0
14 OCT 1982 II:2S:4S 581 257 3 81 514 59 14 87 0.0
14 OCT 1982 13:30:39 682 134 7 135 05 Z18 7 160 0.0
12 OCT 1982 16:57:53 583 95 9 90 3Z9 61 28 179 0.0
14 OCT 1982 14:1 :5S 683 94 13 129 378 3 1 1 187 0.0
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BEAUFORT SUtIMER 1982

DATE TIME PMI PAl Al Fl PM1 PAZ AZ F2 VEL
12 OCT 1982 19:10:54 584 180 6 101 504 161 7 116 0.0

IZ OCT 1962 20:05:43 584 58 23 140 582 53 38 211 0.0
13 OCT I98Z I1:17:49 S7 13 Z7 385 514 154 24 388 0.0
10 OCT 1928 16:37:38 600 ES 14 97 4Z2 80 15 126 0.0
10 OCT 1982 15:5G:31 887 -7 22 173 607 7S 22 173 0.0
11 OCT 1982 00:2=:34 610 158 7 115 574 185 8 IS5 0.0
13 OCT 1967 19:58:57 618 72 11 63 610 72 11 83 0.0
10 OCT I98Z 16:46:14 630 130 13 177 630 130 13 177 0.0
13 OCT 1982 17:20:07 631 116 11 134 490 94 14 138 0.0
07 OCT 1982 19:39:56 633 181 6 114 633 181 6 114 0.0
14 OCT 1982 13:31:09 634 92 14 135 612 86 15 135 0.0
10 OCT 1982 15:56:01 635 19 7 95 475 142 7 104 0.0
01 OCT 1982 12:37:ZS 638 110 7 81 612 134 6 84 0.0
14 OCT 1987 08:31:00 638 27 50 142 5I 63 48 317 0.0
13 OCT 192 20:10:27 642 104 18 196 342 114 17 203 0.0
12 OCT 1982 14:51:47 64S Z88 3 91 503 67 21 148 0.0

08 OCT 198Z 10:27:30 652 85 21 167 652 85 21 187 0.0
10 OCT 1982 17:05:13 65S 79 19 IS7 655 79 19 157 0.0
02 OCT 1982 20:43:21 658 83 35 305 491 87 35 319 0.0
10 OCT 1982 16:38:45 653 198 7 145 658 198 7 145 0.0
01 OCT 1982 12:23:07 663 153 12 I93 680 138 16 232 0.0
1Z OCT 198Z 14:39:5Z 678 120 IZ 151 655 116 13 Is 0.0
14 OCT 198I2 13:45:17 684 53 16 89 684 53 16 89 0.0

10 OCT 1982 1.7:05:42 687 158 6 99 627 158 6 99 0.0
11 OCT 1982 00:12:22 687 245 6 154 682 218 7 160 0.0
08 OCT 1962 09:00:44 696 472 2 99 333 49 24 123 0.0

03 OCT 1982 20:48:16 702 138 16 232 627 112 20 235 0.0

0Z OCT 1982 17:51:42 714 115 8 97 714 115 8 97 0.0
07 OCT 1982 20:43:46 718 155 8 130 718 155 8 130 0.0
10 OCT 1982 23:Z0:04 726 I24 12 156 699 114 14 167 0.0

14 OCT 1984 13:48:05 727 114 9 108 595 142 9 134 0.0

01 OCT 1982 12:05:27 733 94 14 138 689 128 11 148 0.0
10 OCT 1982 23:19:30 759 438 2 52 336 122 10 128 0.0

08 OCT 1982 07:43:40 763 172 11 198 597 79 35 290 0.0
12 OCT 1982 14:37:49 787 72 21 159 680 72 22 166 0.0
14 OCT 1982 12:48:54 782 95 28 279 712 101 27 286 0.0

07 OCT 1982 19:42:23 794 196 12 247 749 103 25 270 0.0

07 OCT I182 23:02:29 808 125 11 144 451 155 13 211 0.0
08 OCT 1992 07:31:42 817 358 4 150 622 168 14 247 0.0
10 OCT 1982 16:34:26 818 248 5 130 670 385 4 162 0.0

14 OCT 1982 00:21:52 819 213 S 112 752 221 5 116 0.0

08 OCT 1982 00:35:10 873 175 8 147 767 188 8 158 0.0

08 OCT 1922 09:54:07 877 145 19 289 781 81 36 308 0.0

10 OCT 1992 17:56:27 878 124 10 130 878 124 10 130 0.0

12 OCT 1982 16:24:33 889 ISO 18 252 889 ISO Is Z52 0.0
10 OCT 1282 15:23:02 901 45 32 151 25 S7 42 251 0.0
07 OCT 1982 17:5:31 9:0 223 8 187 S29 100 I9 199 0.0

07 OCT 1992 18:25:30 93 67 29 204 523 67 29 L04 0.0
01 OCT 182 12:20:58 951 230 7 305 9 19 195 0.0

13 OCT 1.ISZ 1: S7:E4 E E a 193 9 154 947 1:3 Il 153 0.0

A-5



BEAUFORT SUNJIER 1982

DATE TIME PMI PAl At FI PM2 PAZ AZ F2 VEL
10 OCT 1982 1S:44:41 980 330 8 277 608 183 20 384 0.0

10 OCT 1982 16:36:14 1010 172 13 235 981 173 14 254 0.0
02 OCT 1982 -0:10:03 1013 157 12 198 906 146 14 214 0.0

12 OCT 1982 18:58:17 lOIS 254 It 293 862 200 17 357 0.0

07 OCT 1982 18:00:00 1029 222 7 163 878 210 8 176 0.0
07 OCT 1982 18:48:11 1030 174 8 146 795 198 9 187 0.0

12 OCT 1982 17:07:44 1053 518 9 489 1053 518 9 489 0.0

10 OCT 1982 18:20:07 1093 308 7 226 1093 308 7 226 0.0

10 OCT 9S82 18:41:16 1109 115 16 193 1109 115 16 193 0.0

13 OCT 1982 20:14:41 II15 195 10 206 776 201 11 232 0.0

88 NOV 1982 88:88:88 1140 306 S 161 917 397 4 167 0.0

14 OCT 1982 11:48:28 1156 212 11 245 752 207 20 434 0.0

14 OCT 1982 11:30:12 1206 136 15 214 1205 136 15 214 0.0

01 OCT 1982 12:21:26 1453 183 14 269 1366 175 15 27S 0.0

10 OCT 1982 16:38:15 1464 335 12 422 1366 344 12 433 0.0

07 OCT 1982 23:30:29 1499 394 10 413 1499 3S4 10 413 0.0

14 OCT 1982 11:37:39 1617 295 16 495 1617 295 16 49S 0.0
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SOUTH BERING WINTER 1983

DATE TIME PMI PAl Al FI PMZ PA2 A2 F2 VEL

26 MAR 1983 11:57:53 26 10 is 22 15 S 45 22 0.0

26 MAR 1983 12:9:17 36 36 1 14 20 4 40 18 0.0

26 MAR 19S3 11:56:47 37 16 3 15 21 S 43 21 0.0

26 MAR 1983 11:57:46 39 6 42 29 30 7 41 31 0.0

26 MAR 1983 12:4:28 40 4 35 14 26 9 15 25 0.0

26 MAR 1963 12:7:4Z 42 16 7 25 37 9 I 31 0.0

26 MAR 1983 11:58:35 43 30 3 26 41 9 38 36 0.0

26 MAR 1983 11:54:1 47 6 38 27 44 8 33 29 0.0

26 MAR 1983 12:Z:ZS 49 10 8 22 49 10 8 22 0.0

26 MAR 1983 11:54:20 SO 12 9 17 3S 7 38 29 0.0

26 MAR 1983 11:54:12 51 27 2 15 28 5 48 23 0.0

26 MAR 1963 12:14:32 S2 8 18 21 44 7 33 24 0.0

26 MAR 1983 1I:5:1 54 8 47 38 42 9 46 44 0.0

26 MAR 1983 11:54:30 62 7 41 32 43 8 49 43 0.0

26 MAR 1983 11:53:55 8 13 8 17 47 11 9 19 0.0

26 MAR 1983 19:31:44 113 21 21 69 90 17 33 69 0.0

26 MAR 1983 19:51:23 117 18 48 98 92 20 48 101 0.0

26 MAR 1933 19:51:7 121 21 4S 101 1OS 24 47 118 0.0

26 MAR 1983 19:46:13 123 25 45 118 123 25 45 118 0.0

26 MAR 1983 19:0:10 135 22 48 111 92 23 49 117 0.0

26 MAR 1983 20:32:26 135 25 47 125 89 26 s 138 0.0

26 MAR 1983 18:59:43 137 49 4 35 126 59 3 43 0.0,

26 MAR 198J :9:45:14 137 17 53 93 92 18 so 94 0.0

26 MAR 1983 19:45:52 139 19 46 90 86 21 43 96 0.0

26 MAR 1983 19:9:27 140 15 22 42 89 18 10 48 0.0

26 MAR 1983 18:55:39 141 74 5 57 141 60 10 81 0.0

26 MAR 1983 19:51:17 141 18 45 87 89 31 12 93 0.0

26 MAR 1983 20:32:43 143 19 52 104 143 19 SZ 104 0.0

26 MAR 1983 18:46:6 144 17 12 29 8Z 14 21 36 0.0

26 MAR 1983 19:45:5 14S 17 44 79 92 19 48 96 0.0

26 MAR 1983 19:10:2 248 27 10 43 77 19 27 64 0.0

26 MAR 1983 19:40:1 149 18 41 78 102 18 46 86 0.0

26 MAR 1983 19:51:1 149 16 45 74 100 22 46 106 0.0

26 MAR 1983 10:12:17 1SZ 20 20 49 99 21 20 52 0.0

26 MAR 1983 19:50:24 152 22 46 106 92 24 45 114 0.0

26 MAR 1983 19:45:27 153 17 SI 90 92 17 51 90 0.0

26 MAR 1983 18:39:23 154 44 8 59 IS4 44 8 59 0.0

26 MAR 1983 18:47:53 IS4 30 43 139 94 35 44 166 0.0

26 MAR 1983 19:16:39 154 20 39 93 IS4 20 39 93 0.0

26 MAR 1983 19:50:55 154 '2 4 104 154 22 44 104 0.0

26 MAR 1983 19:51:29 154 $3 7 127 IS4 53 7 127 0.0

26 MAR 2983 1:42:9 157 18 59 114 109 22 ss 229 0.0

25 MAR 1983 18:59:57 157 19 27 58 12S 18 30 61 0.0

26 MAR 1983 19:10:1 157 27 18 59 I1l 28 29 91 0.0

26 MAR 1983 3:3:34 163 17 56 98 65 18 59 110 0.0

26 MAR 1983 2:55:43 161 20 58 120 92 24 59 146 0.0

26 MAR 1983 18:45:51 161 I8 12 0 161 18 12 SO 0.0
26 MAR 1983 129:46:7 262 15 A8 77 92 18 47 92 0.0

26 MAR 1983 19:51:42 163 20 49 101 163 20 49 101 0.0

2 o MAR 1983 16:59:25 164 47 4 37 124 30 10 43 0.0
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SOUTH BERING WINTER 1983

DATE TIME Pill PAl At FI PM2 PAZ AT F2 VEL

26 MAR 1983 19:15:26 164 164 1 38 88 19 10 42 0.0

26 MAR 1983 19:52:13 164 18 46 87 162 36 13 88 0.0

2 MAR 1983 10:17:33 165 33 6 35 152 99 2 36 0.0

25 MAR 1983 23:6:3 166 IS si 82 123 22 SO 117 0.0

26 MAR 1983 10:18:5 166 14 42 60 146 23 30 7S 0.0

2S MAR 1983 17:12:0 167 35 12 5Z 162 39 11 55 0.0

2S MAR 1983 23:20:14 167 15 51 78 167 15 51 78 0.0

26 MAR 1983 19:39:47 169 15 46 72 103 21 46 100 0.0

26 MAR 1983 18:35:28 170 23 16 44 so 39 8 50 0.0

26 MAR 1983 10:18:17 172 24 39 98 172 24 39 98 0.0

2S MAR 1983 19:45:46 172 I8 48 92 112 22 49 115 0.0

26 MAR 1983 3:20:9 174 19 59 120 174 19 59 120 0.0

26 MAR 1983 19:51:36 174 18 45 87 93 26 43 117 0.0

26 MAR 1983 18:55:45 176 60 3 42 76 22 14 50 0.0

26 MAR 1983 19:49:33 176 25 46 121 168 26 45 122 0.0

26 MAR 1983 0:44:7 177 16 56 93 138 16 56 95 0.0

26 MAR 1983 0:48:47 177 17 56 102 130 24 53 134 0.0

25 MAR 1983 23:4:59 179 18 53 102 148 27 49 138 0.0

26 MAR 1983 10:18:25 179 19 38 81 158 23 37 89 0.0

26 MAR 1983 2:53:3 180 32 S4 184 175 32 SG 186 0.0

25 MAR 1983 22:S7:37 181 22 52 119 IS5 23 52 127 0.0

26 MAR 1983 2:58:38 182 19 58 IIS 182 19 58 115 0.0

25 MAR 1983 22:17:58 183 19 52 101 146 32 46 155 0.0

Z6 MAR 1983 18:55:Z9 183 53 7 48 147 82 5 56 0.0

26 MAR 1983 0:54:33 184 33 50 172 184 33 50 172 0.0

26 MAR 1983 10:1:12 184 39 7 45 121 15 13 47 0.0

26 MAR 1983 10:4:48 184 32 20 77 142 24 32 86 0.0

25 MAR 1983 21:40:48 185 13 54 73 161 161 1 130 0.0

25 MAR 1983 22:57:18 187 21 52 117 187 21 52 117 0.0

26 MAR 1983 2:44:25 187 27 58 165 175 30 57 177 0.0

26 MAR 1983 10:11:37 187 29 11 48 84 IS 36 62 0.0

26 MAR 1983 19:49:39 188 24 46 118 172 25 49 127 0.0

25 MAR 1983 23:5:48 191 19 55 107 165 32 49 162 0.0

25 MAR 1983 23:3:27 193 20 55 115 143 29 48 146 0.0

26 MAR 1983 19:49:27 193 19 31 89 156 31 26 111 0.0

26 MAR 1983 2:54:5 194 17 57 100 136 19 55 110 0.0

25 MAR 1983 22:29:22 197 IZ 57 69 197 12 57 69 0.0

26 MAR 1983 0:54:54 197 18 S9 112 ISO 22 55 124 0.0

25 MAR 1983 22:1:18 198 21 49 110 135 28 40 128 0.0

26 MAR 1983 0:57:44 198 19 55 110 182 Z S4 117 0.0

26 MAR 1983 19:45:41 198 21 41 108 117 22 S 121 0.0

25 MAR 1983 16:54:6 199 40 12 67 128 26 37 106 0.0

26 MAR 1983 0:54:25 200 33 51 177 193 34 50 179 0.0

25 MAR 1983 23:11:57 201 25 55 144 150 Z9 50 154 0.0

25 MAR 1983 22:29:7 202 Z S3 11S 162 Z1 54 i16 0.0

26 MAR 1983 1:8:43 202 24 58 146 189 Z2 55 165 0.0

25 MAR 1983 2:49:27 "03 28 Sa 372 177 32 57 194 0.0

26 MAR 983 2:54:49 203 18 57 110 202 19 57 112 0.0

2S MAR 1983 2:43:56 204 17 57 103 E9 i1 56 113 0.0

2S MAR 1983 23:3:51 205 19 52 106 197 Z5 SZ 136 0.0
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SOUTH BERING WINTER 1983

DATE TIME PMI PAl Al F1 PM2 PAZ AZ FZ VEL

2S MAR 1983 22:2:42 206 18 51 95 100 18 54 103 0.0
25 MAR 1983 21:49:12 207 50 7 E5 123 30 27 97 0.0
26 MAR 1983 2:50:69 207 22 58 136 191 25 56 146 0.0
26 MAR 1983 19:49:12 207 17 46 83 143 22 46 107 0.0
25 MAR 1983 17:11:55 209 17 35 66 113 18 36 69 0.0
25 MAR 1983 22:40:20 210 30 45 141 210 30 45 141 0.0
25 MAR 1983 22:59:57 211 12 55 69 135 15 S2 82 0.0

26 MAR 1983 2:61:22 211 19 58 116 211 19 S8 116 0.0
2S MAR I983 10:14:53 211 16 38 65 157 21 29 70 0.0
26 MAR 1983 22:48:31 214 17 49 89 99 22 45 106 0.0
26 MAR 1983 10:12:43 214 14 44 65 201 15 43 68 0.0

25 MAR 1983 22:18:26 216 19 53 112 194 20 52 114 0.0
26 MAR 1983 1:5:42 216 25 56 146 175 25 56 149 0.0
26 MAR 1983 10:8:46 216 i1S 2 33 99 52 8 53 0.0
25 MAR 1983 17:17:33 220 56 S 47 220 56 5 47 0.0

26 MAR 1983 1:16:2 220 18 57 110 146 20 60 128 0.0
26 MAR 1983 18:38:58 220 28 42 125 186 40 31 141 0.0
26 1AR iS63 18:S:24 222 34 9 45 126 30 10 46 0.0

26 MAR 1983 10:4:27 223 61 4 46 106 27 17 60 0.0
25 MAR 1983 22:18:17 226 23 49 119 216 26 48 128 0.0
25 MAR 1983 21:50:1 228 27 51 147 228 29 50 153 0.0

26 MAR 1983 10:8:S7 228 IS 26 45 146 87 4 68 0.0

26 MAR 1983 2:52:26 229 18 57 108 222 18 56 108 0.0

26 MAR 1983 2:63:38 231 19 57 113 178 20 56 115 0.0
26 MAR 1983 10:13:E6 231 37 21 91 231 37 21 91 0.0
25 MAR 1983 22:57:24 234 1s 53 86 234 15 53 86 0.0

26 MAR 1983 10:12:17 234 34 40 145 198 37 37 146 0.0
25 MAR 1983 22:11:30 238 26 50 137 155 29 51 156 0.0
26 MAR 1983 6:10:4 241 76 5 63 171 25 21 70 0.0
25 MAR 1983 23:11:51 249 38 53 211 242 39 52 212 0.0

25 MAR 1983 17:40:59 250 52 8 69 91 is 53 81 0.0
26 MAR 1983 2:43:31 260 49 48 247 260 49 48 247 0.0

26 MAR 1983 5:31:41 260 44 13 GS 167 40 17 76 0.0
2S MAR 1983 23:6:25 262 24 51 130 191 24 51 130 0.0
26 MAR 1983 5:5:24 2S2 33 28 107 163 37 27 116 0.0
25 MAR 1983 22:29:31 261 32 52 173 266 31 S3 174 0.0

26 MAR 1983 3:11:30 261 28 68 173 261 28 58 173 0.0

25 MAR 1983 23:4:54 262 21 54 117 174 39 43 180 0.0
26 MAR 1983 2:51:62 263 19 57 III 253 19 57 111 0.0
26 MAR 1983 2:61:17 268 22 67 134 133 23 58 141 0.0
26 MAR 1983 2:49:0 270 20 58 121 184 22 65 126 0.0
26 MAR 1983 19:69:22 272 23 53 126 272 23 53 1Z6 0.0
26 MAR 1983 19:11:29 277 24 35 89 138 24 37 96 0.0
25 MAR 1983 22:10:51 279 17 53 95 267 16 56 97 0.0
26 MAR 1983 19:4S:21 280 20 49 103 96 19 53 106 0.0
25 MAR 1983 20:42:30 288 22 44 103 282 31 40 130 0.0

25 MAR 1983 22:28:53 289 16 S5 90 186 21 56 121 0.0

26 MAR 1983 3:7:50 289 24 S ;:: Z2: Z! S3 lg .
25 MAR 1983 17:41:32 291 27 45 129 249 32 36 131 0.0

26 MAR 1983 2:46:24 292 20 68 123 292 20 58 123 0.0
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SOUTH BERING WINTER 1983

DATE TIME PMI PAl Al F! PM2 P 2 A2 F2 VEL
26 MAR 1983 2:44:8 294 22 58 135 2SO 24 S9 147 0.0
26 MAR 1983 2:45:54 25S 24 59 146 250 29 57 171 0.0
26 MAR 1983 2:43:36 296 43 48 217 208 39 57 233 0.0
26 MAR 1283 3:8:9 29 26 54 146 2S6 26 54 146 0.0
26 MAR 1983 19:44:39 303 20 45 S7 239 28 46 138 0.0
26 MAR 1983 10:17:25 304 27 26 82 217 28 44 133 0.0
26 MAR 1S83 0:48:39 312 24 53 132 125 24 56 142 0.0
26 MAR 1983 19:39:42 327 20 41 92 319 44 22 117 0.0
26 MAR 1983 10:4:32 33S 63 20 141 160 42 29 143 0.0
26 MAR 1983 I:$5:8 336 31 S8 188 336 31 Ee 188 0.0
26 MAR 1983 19:10:40 337 37 17 94 337 37 17 94 0.0
26 MAR 1983 6:18:39 345 35 31 121 325 38 35 141 0.0
26 MAR 1983 2:56:53 350 25 58 153 350 25 58 153 0.0
26 MAR 1983 19:51:12 356 32 29 113 198 26 42 115 0.0
25 MAR 1983 5:7:53 363 21 22 50 363 21 22 50 0.0
26 MAR 1983 .10:1:38 367 87 S 53 189 120 4 59 0.0
25 MAR 1983 22:2:30 369 19 48 95 182 18 5s 103 0.0
26 MAR 1983 6:9:51 374 37 22 93 374 37 22 93 0.0
26 MAR 1983 3:19:43 385 24 58 144 385 24 58 144 0.0
25 MAR 1983 23:29:S 409 28 5 148 327 2.9 2 161 0.0
26 MAR 1983 6:26:9 431 41 23 145 431 41 23 145 0.0
25 MAR 1983 21:49:3 483 42 49 216 281 45 50 236 0.0
26 MAR 1983 2:S2:14 1137 47 51 253 717 49 54 280 0.0
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NORTH BERING WINTER 1983

DATE TIME PMI PAl AI FI PM2 PA2 AZ F2 VEL

27 MAR 1983 7:39:39 114 19 59 118 114 19 59 i18 0.0

27 MAR 1983 7:32:22 124 29 7 63 39 1S 41 69 0.0

27 MAR 1983 7:34:44 152 20 58 i19 83 20 58 121 0.0

27 MAR 1983 7:34:E3 156 19 57 111 96 19 57 113 0.0

27 MAR 1983 7:19:13 160 20 Ss IIS 113 2 S2 121 0.0

27 MAR 1933 7:39:54 162 21 48 103 114 2 5, 112 0.0

27 MAR 1983 7:39:34 1l5 21 59 133 125 23 57 136 0.0
27 MAR l98 15:15:45 lE5 85 8 79 164 83 8 82 0.0
27 MAR 1963 7:23:34 168 20 58 119 132 21 S5 121 0.0

27 MAR 1983 6:59:50 170 19 35 81 137 114 3 93 0.0

27 MAR 1983 6:59:36 175 16 54 88 173 16 53 89 0.0

27 MAR 1983 I1:6:50 179 111 2 27 169 125 2 30 0.0

27 MAR 1963 14:49:33 190 100 3 41 162 102 3 44 0.0

27 MAR 1983 14:54:7 191 24 11 39 108 26 11 40 0.0

27 MAR 1983 7:28:23 192 31 55 177 183 39 49 204 0.0

27 MAR 1983 14:54:0 196 47 6 45 147 39 8 47 0.0

26 MAR 1983 23:22:7 198 18 39 94 122 31 45 155 0.0

27 MAR 1983 1:3:33 200 20 57 120 193 39 46 197 0.0

27 MAR 1983 15:13:54 200 81 7 63 200 81 7 63 0.0
27 MAR 1983 7:14:58 203 21 57 128 203 21 S7 128 0.0

27 MAR 1983 7:3:7 204 Is 50 86 102 17 49 95 0.0

27 MAR 1983 6:24:41 207 20 59 126 158 26 SS 149 0.0

27 MAR 1983 14:35:46 209 28 41 121 209 28 41 121 0.0

27 MAR 1983 1:24:37 211 23 55 131 191 23 53 133 0.0

27 MAR 1983 7:3:15 216 24 55 136 135 26 52 143 0.0

21 MAR 1983 0:19:38 218 20 48 100 218 20 48 100 0.0

27 MAR 1983 0:46:28 220 21 54 119 186 25 SI 133 0.0

27 MAR 1983 0:1:25 222 23 49 123 149 31 42 143 0.0

27 MAR 1983 22:51:34 229 78 7 69 229 78 7 69 0.0

27 MAR 1983 0:19:32 231 41 49 209 231 41 49 209 0.0

27 MAR 1983 7:24:5 232 27 56 157 232 27 56 157 0.0

27 MAR 1983 14:47:52 236 43 9 63 136 86 5 71 0.0

27 MAR 1983 21:9:48 236 54 5 54 164 41 10 70 0.0

-27 MAR 1983 21:53:51 236 25 23 63 IZ3 22 26 64 0.0

27 MAR 1983 15:15:33 238 46 16 81 157 67 18 131 0.0

27 MAR 1983 15:58:4 239 82 8 77 222 95 8 90 0.0

27 MAR 1983 15:16:50 245 101 10 113 196 105 10 117 0.0

27 MAR 1983 21:10:9 245 4G 16 83 237 SO 19 102 0.0

27 MAR 1983 0:56:38 246 21 54 121 184 49 46 238 0.0

27 MAR 1983 15:53:36 247 87 10 93 247 87 10 93 0.0

27 MAR 1983 0:8:0 249 20 49 102 249 20 49 102 0.0

27 MAR 1983 15:6:0 252 49 7 43 189 107 4 60 0.0

27 MAR 1983 13:38:22 253 50 6 46 194 38 8 47 0.0

28 MAR 1983 14:4:27 253 49 14 80 253 49 14 80 0.0

27 MAR 1983 15:16:13 254 55 Z1 140 254 E5 21 140 0.0

27 MAR 1983 0:48:29 257 26 52 141 204 42 49 214 0.0

27 MAR 1983 IS:14:40 259 GG 11 83 259 66 11 83 0.0

27 MAR 1983 21:45:29 262 114 4 91 201 90 9 127 0.0

27 MAR 1983 0:48:4 255 25 52 14 2=5 25 52 174 0.0

27 MAR 1983 1a:52:38 265 66 a 58 161 41 1G 74 0.0

A-!!



NORTH BERING WINTER 1983

)ATE TIME PMI PAl Al FI PM2 PAZ AZ F2 VEL

28 MAR 1983 0:13:41 265 24 50 130 1S5 27 46 136 0.0
27 MAR 1983 IS:7:16 266 83 6 60 266 83 6 60 0.0

28 MAR 1963 0:7:28 266 7S 8 100 264 53 13 108 0.0

28 MAR 1983 14:3:33 267 68 17 129 267 68 17 129 0.0

27 MAR 1923 15:29:0 268 83 18 156 221 70 22 165 0.0
27 MAR 1983 7:28:29 269 42 51 222 236 42 51 227 0.0
27 MAR 1983 22:27:42 269 31 32 107 178 36 33 125 0.0

28 MAR 1983 0:32:36 269 25 S6 148 184 39 54 2Z3 0.0

27 MAR 1983 IS:13:40 271 92 S 50 271 92 50 0.0

28 MAr 1S83 21:1:48 271 67 Ii 80 271 67 11 80 0.0

27 MAR 1983 0:14:56 272 15 40 63 203 27 42 120 0.0
27 MAR 1983 0:48:12 272 25 53 143 205 31 54 175 0.0
27 MAR 1983 18:22:56 273 44 8 43 251 62 17 123 0.0

28 MAR 1983 22:17:0 274 157 4 81 274 1S7 4 81 e.1
27 MAR 1983 17:20:54 27S 66 5 42 187 46 9 48 0.0

27 MAR 1983 15:29:15 276 212 2 49 188 127 4 62 0.0
27 MAR 1983 22:10:8 276 59 22 157 255 69 16 170 0.0

28 MAR 1983 0:6:39 276 126 3 76 234 82 S 79 0.0

28 MAR 1983 21:36:56 277 88 4 42 72 20 21 SS 0.0

28 MAR 1983 0:20:27 278 29 48 153 278 29 48 153 0.0

27 MAR 1983 15:12:26 279 106 11 137 279 106 11 137 0.0
27 MAR 1983 17:30:21 279 108 13 152 279 t08 13 152 0.0

27 MAR 1983 23:22:33 279 18 37 84 137 22 45 109 0.0

28 MAR 1983 13:50:7 279 30 33 117 279 30 33 117 0.0
28 MAR 1983 0:12:26 280 24 52 131 280 24 52 131 0.0

27 MAR 1983 0:55:22 281 25 57 147 226 4S 51 242 0.0
28 MAR 1983 e:Z:S9 281 22 S3 125 119 2S 56 14S 0.0

27 MAR 1983 15:13:23 282 57 7 44 282 57 7 44 0.0
27 MAR 1983 23:59:30 282 77 4 50 147 26 10 57 0.0

27 MAR 1983 17:43:16 283 ISI 4 71 283 151 4 71 0.0
28 MAR 1993 0:34:8 283 26 54 145 126 28 56 162 0.0
27 MAR 1983 1:24:46 284 27 SI 142 248 30 48 153 0.0
27 MAR 1983 16:55:49 284 40 14 71 113 36 l1 84 0.0

28 MAR 1983 11:50:54 284 31 25 86 284 31 'S 86 0.0
27 MAR 1983 21:51:7 285 37 16 67 281 46 17 90 0.0

Z8 MAR 1983 13:26:0 285 31 41 131 285 31 41 131 0.0
27 MAR 1983 1s:12:So 206 106 S 64 200 Si 13 78 0.0

28 MAR 1983 7:45:S5 286 21 50 108 196 23 49 121 0.0
28 MAR 1983 7:56:46 287 38 52 208 287 41 49 210 0.0
27 MAR 1983 "1:49:35 288 36 24 97 288 36 24 97 0.0
28 MAR 1983 0:13:30 289 24 44 [18 289 24 44 318 0.0

28 MAR 1983 0:14:45 291 30 43 158 269 30 49 359 0.0

29 MAR 1983 0:48:11 291 32 C5 187 208 34 54 193 0.0

28 MAR 1983 14:2:64 291 40 13 57 126 64 10 75 0.0
Z8 MAR 1983 0:27:17 292 Z6 54 145 208 26 53 146 0.0

27 MAR 1983 17:3:40 293 59 9 61 186 61 6 65 0.0
27 MAR 1983 18:26:. 293 82 4 44 145 1 18 61 0.0

17 MAR 983 38:37:29 293 71 10 78 1S4 76 10 85 0.0

28 MfR iC;3 11:46:9 294 3S 20 79 18: 35 25 102 0.0
27 MR 383 0:1:6 :9 29 51 3;2 zoS 3Z 46 1G7 0.0

A-12



NORTH BERING WINTER 1983

OATE TIME PMI PAl Al F! PM2 PAZ AZ F2 VEL
27 MAR 1983 15:11:58 296 S1 15 84 285 55 19 116 0.0

29 MAR 1983 0:39:30 296 25 54 143 296 25 S4 143 0.0
27 MAR 1983 1:3:43 297 25 57 149 297 25 57 149 0.0

27 MAR 1383 0:45:31 298 35 47 172 230 33 49 173 0.0

28 MAR 1983 22:14:9 300 109 4 82 115 27 30 92 0.0

27 MAR 1983 15:12:8 301 77 5 49 209 91 8 90 0.0

27 MAR I983 21:29:35 301 132 3 47 260 199 2 48 0.0

28 MAR 1983 21:36:50 301 128 4 61 91 26 32 91 0.0
27 MAR 1983 7:28:34 306 32 57 191 237 44 51 241 0.0
27 MAR 1983 15:6:5 306 119 3 40 185 97 S 53 0.0

28 MAR 1983 7:46:28 306 34 35 123 232 35 38 145 0.0
28 MAR 1983 13:13:9 310 39 50 206 268 39 S1 208 0.0
27 MAR 1983 15:12:14 311 220 2 65 182 67 8 74 0.0

28 MAR 1983 17:22:27 312 51 8 68 312 51 8 68 0.0

28 MAR 1983 17:27:52 313 55 12 80 233 21 35 82 0.0
27 MAR 1983 18:51:39 314 41 18 72 314 41 16 72 0.0

28 MAR 1983 8:13:24 314 109 4 SI 219 196 3 70 0.0

27 MAR 1983 14:47:46 315 19 44 86 315 19 44 86 0.0

28 MAR 1983 17:44:47 315 69 12 108 219 40 26 113 0.0

28 MAR 1983 22:13:3 318 20 39 80 124 40 19 87 0.0
27 MAR 1983 23:9:24 319 37 50 195 319 37 50 195 0.0

28 MAR 1983 22:13:54 320 23 30 75 257 47 12 77 0.0

27 MAR 1983 21:30:19 321 46 27 156 321 46 27 156 0.0

27 MAR 1983 22:29:27 322 101 4 85 322 101 4 85 0.0
27 MAR 1983 21:44:16 323 37 49 191 323 37 49 191 0.0
28 MAR 1983 8:57:41 323 33 27 97 323 33 27 97 0.0
27 MAR 1983 7:2:57 324 21 56 124 324 21 56 124 0.0

27 MAR 1983 22:17:11 326 36 17 72 180 30 21 74 0.0
28 MAR 1983 0:14:15 326 35 48 182 227 39 46 192 0.0

28 MAR 1983 13:13:0 326 42 45 197 248 39 5 205 0.0

28 MAR 1983 13:25:3 329 29 35 108 329 29 35 108 0.0

28 MAR 1983 13:55:0 331 122 3 45 223 48 10 83 0.0

28 MAR 1983 17:44:52 333 55 19 118 316 68 16 129 0.0

28 MAR 1983 8:S3:I6 334 52 II 61 124 24 26 66 0.0

27 MAR 1923 17:44:44 335 27 30 90 136 26 37 109 0.0

28 MAR 1983 0:13:52 338 43 43 198 338 43 43 198 0.0
28 MAR 1983 17:57:9 339 61 8 58 219 38 23 96 0.0

27 MAR 1983 18:21:41 3.10 46 14 76 172 147 3 89 0.0

27 MAR 1983 21:6:51 340 176 2 49 327 327 1 59 0.0

27 MAR 1983 22:19:23 340 93 8 91 338 73 13 113 0.0

28 MAR 1983 13:34:30 340 27 40 114 277 30 58 1ZO 0.0

27 MAR 1383 22:18:26 34 48 10 54 209 55 9 60 0.0

27 MAR 1983 20:33:41 345 44 19 90 156 40 22 94 0.0

28 MAR 1983 19:7:5 347 24 33 89 347 24 33 89 0.0

28 MAR 1983 17:39:18 348 48 IS 95 321 93 8 100 0.0

27 MAR 1983 20:16:20 35Z 22 26 64 166 59 9 78 0.0
29 MAR 1983 8:s7:51 353 54 9 55 353 54 9 65 0.0
27 MAR 1383 17:7:26 354 57 24 1a3 264 74 23 184 0.0

29 MAR 1983 0:39:4 35 1.16 3 1-3 161 2S 58 159 0.0

29 :AR 1P3 13:12:3 :55 Z8 5 19 Z91 42 .3 210 0.0
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NORTH BERING WINTER 1983

DATE TIME PMI PAl Al Fl PM: PA2 A2 F2 VEL
28 MAR 1983 0:14:50 356 58 12 128 338 27 46 128 0.0
27 MAR 1983 0:46:21 358 34 47 176 358 34 47 176 0.0
27 MAR 1983 7:6:51 3560 37 S 212 324 37 55 214 0.0
28 MAR 1983 22:8:55 38 32 26 96 360 32 26 SB 0.0
27 MAR 1983 21:46:6 351 52 11 69 229 44 21 108 0.0
28 MAR 1983 13:52:26 361 EO 9 78 361 60 9 78 0.0
27 MAR 1983 22:54:26 362 98 9 113 239 94 10 119 0.0
27 MAR 1983 1:3:12 3 6 Z 54 211 226 45 55 257 0.0

27 MAR 1983 21:10:3 363 202 2 54 125 45 12 61 0.0
28 MAR 1983 17:25:39 3E3 78 8 116 363 78 8 i1 0.0
27 MAR 1983 21:54:11 357 51 20 177 348 63 30 207 0.0
27 MAR 1923 22:25:0 367 39 17 104 367 39 17 104 0.0
28 MAR 1983 0:32:23 358 38 S5 220 247 42 53 231 0.0
27 MAR 1983 18:29:Z7 369 120 7 116 369 120 7 116 0.0
Z7 MAR 1983 20:28:42 369 33 40 138 369 33 40 138 0.0
27 MAR 1983 23:21:35 369 27 31 100 369 27 31 100 0.0
27 MAR 1983 1:4:1 370 24 S4 136 370 24 54 136 0.0
28 MAR 1983 14:3:5 370 104 8 97 370 104 8 97 0.0
26 MAR 1983 23:22:16 372 26 34 116 159 48 21 121 0.0
28 MAR 1983 13:58:30 373 71 12 93 327 67 12 100 0.0
27 MAR 1983 21:16:34 374 53 16 92 374 53 16 92 0.0
27 MAR 1983 22:28:16 374 96 S 75 372 129 S 97 0.0
27 MAR 1983 20:31:48 375 8Z 13 121 293 77 14 IZ2 0.0
28 MAR 1983 22:16:15 375 23 36 94 375 23 36 94 0.0
27 MAR 1983 15:53:0 378 40 27 11S 357 56 20 121 0..0
27 MAR 1993 0:49:18 379 23 55 130 182 25 55 142 0.0
27 MAR 1993 7:44:9 379 25 58 155 379 25 58 ISS 0.0
28 MAR 1983 0:23:14 380 22 51 120 113 27 59 168 0.0
28 MAR 1983 13:54:6 380 178 3 59 380 178 3 59 0.0
27 MAR 1983 15:13:31 381 80 12 106 275 77 13 108 0.0
28 MAR 1983 14:5:11 384 54 19 117 384 54 19 117 0.0
28 MAR 1983 13:15:53 385 22 40 95 298 24 40 100 0.0
27 MAR 1983 1:3:51 387 36 50 186 312 40 47 199 0.0
2a MAR 1983 22:8:41 387 25 32 86 307 30 33 107 0.0
27 MAR 1983 21:17:49 394 SO 26 148 191 53 26 156 0.0

28 MAR 1983 22:13:20 396 25 41 109 257 31 40 130 0.0
28 MAR 1983 8:42:42 399 45 13 67 357 99 5 68 0.0
28 MAR 1983 O:Z2:2 400 SI 48 262 283 5 47 292 0.0
28 MAR 1993 17:42:19 400 41 19 98 363 37 21 99 0.0
28 MAR 1983 14:4:4 403 80 13 114 403 80 13 114 0.0
27 MAR 1983 18:18:8 404 71 13 146 25Z 79 17 150 0.0
27 MAR 1983 17:21:l 407 96 6 64 211 74 8 75 0.0
28 MAR 19E3 17:38:41 408 31 36 IZS 396 40 33 148 0.0
Z8 MAR 1983 22:18:36 409 87 10 152 287 113 8 156 0.0
27 MAR 1993 21:49:45 410 91 10 107 410 91 10 107 0.0
27 MAR 1983 17:28:34 413 413 1 59 Z92 IZ5 10 147 0.0
27 MAR 1983 21:48:48 416 21 35 81 185 30 36 113 0.0
29 MAR 1983 1I:49:9 416 36 29 1ZO 416 36 29 I12 0.0
28 MAR 1983 17:S2:57 415 47 17 99 253 29 35 106 0.0
23 MAR 1293 13:!S:4 1 22 24 51 123 187 36 47 130 0.0
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NORTH BERING WINTER 1983

DATE TIME PMI PAi Al Fl PM2 PA2 A2 F2 VEL

28 MAR 1983 0:38:58 423 30 54 173 423 30 54 173 0.0

27 MAR 1983 23:6:26 4"4 41 48 206 424 41 48 206 0.0

27 MAR 1983 7:28:41 42S 39 S 207 408 46 51 245 0.0

28 MAR 1983 13:23:7 425 42 46 204 361 43 5 227 0.0

28 MAR 1983 22:17:28 426 54 15 97 426 54 15 97 0.0

27 MAR 1983 17:14:20 427 70 7 63 240 75 7 66 0.0

28 MAR 1983 0:31:11 428 34 53 192 428 34 53 192 0.0

28 MAR 1983 13:16:47 429 21 45 101 429 21 45 101 0.0

27 MAR 1983 15:16:19 430 58 19 125 3SS 62 24 ISS 0.0

28 MAR 183 19:47:25 430 52 47 256 430 52 47 Z56 0.0

28 MAR 1983 7:45:47 441 36 44 168 322 33 53 186 0.0

27 MAR 1983 21:40:47 443 56 23 191 443 56 23 191 0.0
27 MAR 1983 17:45:33 446 33 52 181 446 33 52 181 0.0

28 MAR 1983 13:17:3 452 30 46 144 45Z 30 46 144 0.0

27 MAR 1983 14:59:37 453 45 34 162 453 45 34 162 0.0

28 MAR 1983 18:5:38 459 38 34 140 387 57 22 148 0.0
27'MAR 1983 16:0:0 462 146 4 80 413 306 2 87 0.0

27 MAR 1983 17:7:4 472 62 13 96 154 74 16 130 0.0

28 MAR 1983 0:26:21 473 37 Sl 198 473 37 51 198 0.0

28 MAR 1983 19:9:5 475 43 26 127 211 60 23 162 0.0
28 MAR 1983 0:9:27 478 29 55 168 478 29 55 168 0.0

27 MAR 1983 17:4:19 484 80 12 166 484 80 12 166 0.0

27 MAR 1983 15:12:32 490 96 13 147 431 87 26 245 0.0

27 MAR 1983 0:48:42 491 31 52 168 368 38 49 198 0.0

28 MAR 1983 13:55:50 506 77 12 101 481 116 8 105 0.0

27 MAR 1983 7:28:7 507 32 56 189 474 32 58 196 0.0
28 MAR 1983 17:26:23 507 26 45 121 262 3 2 44 146 0.0

27 MAR 1983 20:25:39 508 144 9 145 508 144 9 145 0.0

27 MAR 1983 17:26:51 516 123 5 78 196 180 3 80 0.0

27 MAR 1983 17:26:29 535 109 31 359 53S 109 31 359 0.0

27 MAR 1983 20:58:3 537 64 10 75 123 36 19 79 0.0

28 MAR 1983 11:53:33 550 38 40 162 461 84 17 167 0.0

28 MAR 1983 0:26:30 557 54 53 303 414 68 50 357 0.0
28 MAR 1983 14:4:56 563 114 7 89 563 114 7 89 0.0

-Z8 MAR 1983 14:32:51 578 88 11 107 55 83 12 110 0.0

27 MAR 1983 1:3:25 584 50 52 277 261 53 54 301 0.0

28 MAR 1983 14:6:29 589 57 39 240 589 57 39 240 0.0

27 MAR 983 23:43:28 598 55 41 242 598 55 41 242 0.0

28 MAR 1983 19:41:14 599 106 9 123 599 106 9 123 0.0

28 MAR 1983 0:27:39 723 56 56 3Z7 517 57 55 330 0.0

28 MAR 1983 7:54:47 745 61 43 288 660 82 40 359 0.0



SOUTH CHUKCHI IWINTER 1983

DATE TIME PMI PAl Al FI PM2 PAZ A2 F2 VEL
30 MAR 1963 11:46:36 198 16 45 77 80 21 37 86 0.0
31 MAR 1963 22:46:15 20S 47 7 37 102 102 1 43 0.0
I APR 1983 8:8:27 205 43 IS 70 114 45 21 103 0.0
1 APR i83 8:16:2T 210 46 7 42 148 77 5 S8 0.0
1 APR 1983 8:14:28 213 82 4 42 110 45 6 44 0.0

31 MAR 1983 22:47:21 "16 68 S 42 163 34 15 S5 0.0
31 MAR 1583 Z2:52:1 217 72 4 34 195 195 1 46 0.0
31 MAR 1983 22:52:8 217 95 3 34 I90 390 1 85 0.0
31 MAR 1983 23:28:3 220 66 8 68 117 50 22 120 0.0
I APR 1583 1:45:37 220 32 38 133 210 96 10 134 0.0
I APR 183 8:19:53 220 147 2 53 393 70 12 93 0.0

31 MAR 1983 22:52:16 222 2Z2 1 31 222 222 1 31 0.0
31 MAR 1983 15:54:46 223 25 21 58 223 2S 21 S3 0.0

1 APR 1983 8:21:35 225 94 12 128 225 94 12 128 0.0
30 MAR 1983 11:43:29 226 67 4 92 226 67 4 92 0.0
31 MAR 1583 22:59:44 226 226 1 30 215 215 1 32 0.0
31 MAR 1983 22:S5:49 226 226 1 31 218 218 I 33 0.0
1 APR 1983 8:19:10 226 50 13 70 143 53 14 s0 0.0

31 MAR 1983 22:59:ZS 227 227 1 29 225 225 1 30 0.0
I APR 1983 0:40:13 230 35 30 135 209 31 34 118 0.0
1 APR 1983 8:14:20 230 56 9 59 165 59 13 85 0.0

29 MAR 1983 16:3:20 232 65 12 93 204 59 20 135 0.0
I APR 1983 0:42:47 232 99 3 45 232 99 3 45 0.0

30 MAR 1983 10:30:38 233 68 S 44 194 41 21 67 0.0
31 MAR 1983 22:43:49 233 218 3 75 233 218 3 75 • 0.0
31 MAR 1983 22:55:3 233 233 1 30 213 213 1 35 0.Q
30, MAR 1983 8:31:14 234 44 7 59 133 51 7 65 0.0
I APR 1983 8:11:7 235 50 9 55 190 43 10 56 0.0

29 MAR 1983 17:15:34 237 24 43 109 231 24 42 112 0.0
31 MAR 1983 22:4S:34 237 49 16 84 190 58 14 86 0.0
31 MAR 1983 22:48:34 237 69 7 53 237 69 7 53 0.0
31 MAR 1983 22:52:2 237 237 1 39 191 7S 3 46 0.0
1 APR 1983 0:42:16 243 87 7 74 149 66 10 82 0.0

30 APR 1983 4:2S:1 243 SZ 10 65 124 28 23 74 5.3
30 APR 1983 5:15:IS 243 97 9 152 243 97 9 152 3.7
-1 APR 1983 3:6:34 245 34 49 175 245 34 49 175 0.0
30 MAR 3983 13:55:50 246 25 40 104 230 29 34 107 0.0
31 MAR 1983 21:1:36 252 31 54 177 182 35 59 218 0.0
31 MAR 3983 22:44:32 253 53 7 53 231 71 S 55 0.0
29 MAR 1983 1523 43 254 61 S 39 249 37 10 42 0.0
30 MAR 1983 19:12:36 254 71 27 201 254- 71 27 201 0.0
31 MAR 1983 13:22:49 254 72 5 43 2S2 72 5 43 0.0
30 APR 1983 3:Z0:16 254 36 20 83 176 34 21 85 2.6
30 MAR 3983 7:2I:13 2S5 23 39 94 209 25 37 99 0.0
30 MAR 1983 10:41:14 2SS 86 12 118 s 86 1: 118 0.0
31 MAR 1283 22:45:47 Z56 100 4 68 156 67 14 105 0.0
I APR 1983 3:45:27 25S 28 56 167 205 Z0 54 168 0.0
I APR 3983 4:9:24 255 27 54 155 ZEE 27 54 155 0.0
I APR 983 8:22:42 256 73 7 108 256 73 7 308 0.0

29 MAR 1'83 16:19:S8 257 40 9 67 108 15 44 70 0.0
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SOUTH CHUKCHI WINTER 1983

DATE TIME PMI PAl Al FI PM2 PA2 A2 F2 VEL

31 MAR 1983 10:48: 2S8 46 16 79 231 120 5 94 0.0

1 APR 1983 8:31:7 2S8 SS 8 81 216 ES 15 92 0.0

31 MAR 1983 22:48:7 260 103 3 44 197 33 18 67 0.0

I APR 1983 1:47:51 260 23 47 113 128 26 50 138 0.0

I APR 1983 8:23:18 260 101 S s 190 65 14 e9 0.0

30 APR 1983 11:S4:ZS 260 86 6 78 188 77 8 95 8.4

30 MAR 1983 9:32:0 261 74 16 133 231 106 11 137 0.0

31 MAR 1983 22:39:18 261 82 S s0 94 41 12 58 0.0

30 APR 1983 8:40:23 261 S0 16 100 261 so 16 100 1.4

30 MAR 1923 12:26:5 263 49 8 64 263 49 8 64 0.0

30 MAR 1963 19:6:58 266 66 5 43 Z66 66 S 43 0.0

31 MAR 1983 11:19:10 266 82 S 48 26 47 13 74 0.0

30 APR 1983 7:21:30 267 56 9 59 249 67 10 100 2.9

2 APR 1983 13:23:39 268 62 20 14S 2a 71 20 162 0.0

30 MAR 1983 8:44:9 269 37 13 62 202 23 39 95 0.0

I APR 1983 0:36:30 269 57 14 97 269 57 14 97 0.0

30 APR 1983 6:14:18 270 42. 18 97 252 133 4 99 2.9

30 APR 1983 11:12:16 270 67 8 82 215 67 20 148 10.3

30 APR 1983 4:59:47 271 56 It 75 271 56 ii 75 4.2

29 MAR 1983 17:18:1 272 19 45 93 272 19 4 93 0.0

I APR 1983 8:24:32 272 57 14 87 272 57 14 87 0.0

30 APR 1983 5:24:51 272 27 29 87 2:2 28 39 121 4.4

30 APR 1983 7:25:1S 273 33 15 55 198 22 25 59 7.1

30 APR 1983 8:39:52 273 72 13 105 243 71 12 117 7.7

1 APR 1983 8:21:42 274 104 6 90 265 95 8 97 0.0

31 MAR 1983 9:52:38 275 83 4 37 275 83 4 37 0.0

31 MAR 1983 22:47:10 275 121 6 81 275 121 6 81 0.0

I APR 1983 3:44:30 275 26 S3 144 275 26 53 144 0.0

30 APR 1983 I:2Z:55 275 39 10 48 138 30 23 76 6.7

30 APR 1983 6:18:Z8 275 56 8 66 275 56 8 66 3.8

30 APR 1983 3:2:4 276 55 10 72 188 20 50 106 9.8
30 MAR 1983 12:26:51 277 70 10 82 277 70 10 82 0.0

31 MAR 1983 9:56:32 278 92 6 66 209 55 IZ 91 0.0

29 MAR 1983 13:17:49 279 103 5 75 2:5 112 5 8Z 0.0

29 MAR 1983 15:59:54 279 98 13 149 279 98 13 149 0.0

29 MAR 1983 16:6:28 280 26 43 120 280 26 43 120 0.0

31 MAR 1983 10:29:31 280 54 20 113 280 54 20 113 0.0

30 APR 1583 3:13:3 280 220 1 so zso 22 23 71 5.2

30 MAR 1983 10:40:0 282 79 8 73 262 79 8 73 0.0

I APR 1983 2:9:13 283 27 53 153 234 32 55 185 0.0

30 MAR 1983 16:57:39 284 73 9 70 125 60 13 82 0.0

I APR 1983 4:53:28 284 53 8 64 240 27 38 107 0.0

30 APR 1983 12:18:52 284 119 3 41 111 114 1 44 6.5

31 MAR 1983 13:10:36 285 89 S 48 225 89 S 48 0.0

29 MAR 1983 15:22:56 296 66 9 75 218 5 17 91 0.0

29 MAR 1983 16:6:S@ 286 43 14 72 257 ZZ 35 8S 0.0

30 MAR 1983 8:44:17 286 119 3 61 286 I19 3 61 0.0

31 MAR 1983 10:25:45 296 S0 14 74 28 5 14 74 0.0

31 MAR 1983 10:50:35 297 241 3 87 287 241 3 87 0.0

30 MAR 1283 17:2:10 238 98 7 68 :S2 68 11 79 0.0
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SOUTH CHUKCHI WINTER 1983

DATE TIME PMI PAl Al Fl PM2 PA2 A2 F2 VEL
30 MAR 1983 12:26:40 290 104 4 69 202 67 8 78 0.0
31 MAR 1983 10:49:8 290 9 7 79 196 90 11 107 0.0
30 APR 1983 10:53:10 290 48 8 Sl 255 51 10 61 4.8
30 APR 1983 14:43:55 290 87 15 141 269 77 18 148 .5
30 MAR 1983 18:5:40 291 133 3 61 214 63 12 79 0.0
31 MAR 1983 13:23:5 291 109 4 49 284 109 4 Sl 0.0
1 APR 1983 8:22:57 293 69 11 86 249 175 4 90 0.0

30 APR 1983 1:14:S3 293 54 9 S6 28 27 27 80 4.1
30 APR 1983 7:52:14 293 46 20 107 293 46 20 102 2.2
30 APR 1993 7:54:53 294 45 15 107 294 45 IS 107 3.1
30 APR 1983 12:17:58 294 65 9 66 261 87 10 95 8.0
2c A R IS83 13:17:25 295 16 46 78 213 25 35 97 0.0
31 MAR 1983 13:22:38 295 74 5 42 293 75 5 45 0.0
31 MAR 1983 13:19:22 296 38 19 78 296 38 19 78 0.0
31 MAR 1983 22:48:22 296 48 11 57 250 52 17 97 0.0
2 APR 1983 22:45:31 296 84 8 76 251 88 8 78 0.0

30 APR 1983 6:31:33 296 85 5 70 254 74 5 81 3.6
31 MAR 1983 13:22:34 297 68 5 41 295 68 5 42 0.0
1 APR 1983 9:53:2 297 117 9 120 297 117 9 120 0.0

29 MAR 1983 17:22:49 298 29 42 135 292 31 42 148 0.0
30 MAR 1983 6:24:39 298 55 15 124 161 62 19 161 0.0
30 MAR 1983 10:40:12 299 96 10 107 299 96 10 107 0.0
29 MAR 1983 7:53:3 300 55 8 63 300 55 8 63 0.0
2 APR 1983 21:34:23 300 30 39 124 229 30 43 137 0.0

29 MAR 1983 17:19:36 301 25 46 126 234 27 46 137 0.0
2 APR 1983 21:33:46 301 30 36 117 296 39 31 130 0.0

30 APR 1983 6:11:2 301 43 24 12S 301 43 24 125 8.2
31 MAR 1983 22:47:27 302 44 16 76 302 44 16 76 0.0
I APR 1983 8:21:53 302 68 25 185 254 92 24 237 0.0

30 MAR 1983 8:S4:11 303 21 48 107 303 21 48 107 0.0
31 MAR 1983 13:22:43 303 80 S 47 303 80 5 47 0.0
31 MAR 1983 21:9:32 304 47 57 282 2 47 57 283 0.0
31 MAR 1933 22:55:8 304 60 12 102 280 71 13 121 0.0
2 APR 1983 22:32:17 304 48 21 108 22 57 19 117 0.0

31 MAR 1983 9:31:5 30S 47 29 143 305 47 29 143 0.0
30 APR 1983 1:52:16 305 41 11 49 2:2 50 9 50 8.5
31 MAR 1983 12:52:32 306 98 6 67 153 89 10 99 0.0
Z APR 1983 15:35:48 306 32 44 147 306 32 44 147 0.0
Z APR 1933 21:35:11 306 4S 40 191 2'31 46 41 198 0.0

30 APR 1983 3:3:56 306 84 5 64 :07 108 4 70 4.0
30 APR 1983 3:27:3 306 45 30 144 306 45 30 144 7.3
29 MAR 1993 15:5a:55 308 25 30 106 24 49 22 119 0.0
30 MAR 1983 17:0:S 309 174 2 43 309 174 2 43 0.0

29 MAR 1983 16:0:4 310 44 12 70 310 44 12 70 0.0
30 APR 1983 7:11:14 310 40 18 78 310 40 16 78 S.3
31 MAR 1983 13:22:28 311 113 3 40 309 112 3 40 0.0
1 APR 1983 1:31:14 311 177 2 119 :Gt 174 2 127 0.0
I APR 1383 7:1:19 311 31 2 77 311 31 22 77 0.0

30 APR 1983 14:11:46 313 5413 54 13 3 54 13 80 .4

30 APR 1983 1:57:41 316 50 0 los :91 60 17 110 7.1

A-18



SOUTH CHUKCHI WINTER 1983

DATE TIME PMI PAl At FI PM2 PA2 A FZ VEL

30 MAR 1983 18:14:18 317 72 8 61 317 72 8 61 0.0

I APR 1963 8:20:35 317 60 16 105 317 60 16 105 0.0

30 APR 1983 1:57:31 319 43 21 95 319 43 21 9S 11.3

I APR 1983 I:ZS:36 320 31 26 98 320 31 26 98 0.0

30 APR 1983 2:19:S2 320 50 18 104 320 SO 18 104 8.4

30 MAR 1983 6:26:40 322 26 44 121 32Z 26 44 21 0.0

31 MAR 1983 13:32:48 322 101 6 72 322 101 6 72 0.0

30 MAR 1983 10:33:S8 323 89 6 63 21G 73 11 90 0.0

( APR I983 8:42:23 324 i34 4 63 202 70 i4 i07 0.0

30 APR i93 2:41:34 3Z4 324 i 66 324 324 i 66 4.4

30 MAR 193 i0:3Z:5 325 68 iS Hi4 325 66 Is i14 0.0

2 APR i963 Z2:iS:i 325 74 i0 89 3-5 74 (0 89 0.0

30 MAR iS83 S:i7:8 3Z6 7i i e Oi 526 7i fZ iOi 0.

30 MAR (93 i7:i5:35 326 66 7 50 306 i22 7 92 0.0

2 APR i983 i3:42:23 326 i96 6 i43 177 64 25 i77 0.0

29 lIAR i983 7:52:32 327 79 i7 i49 327 79 17 149 C.0

2 APR i983 Zi:36:33 328 35 48 i 0 328 35 48 (80 0.0

30 APR i963 2:26:45 32 6i i6 i1i 276 78 i6 i43 10.9

2 APR I983 LZ:35:5 330 79 6 59 330 79 6 59 0.0
2 APR I63 22:5i :5 33Z Si Z i 12 27i 50 Z3 i27 0.0

30 APR !983 2:4:52 332 48 20 i0S 332 48 20 i09 4.1

3i MAR 193 Z2:47:48 335 HiZ 7 89 327 i19 8 112 0.0

30 MAR i983 i7:8:0 354 i1' 4 55 534 iZ9 4 55 0.0

3i lIAR 1583 li:0:i4 334 78 5 4 i159 60 7 Si 0.0

30 APR i583 3r3:Z2 334 28 20 72 334 28 20 72 4.9

2 MAR 1983 i6:7:56 335 38 39 i56 2i6 60 23 i57 0.0

Z9 MAR 1963 i7:2i:44 335 30 4Z i53 Z50 39 4i i75 0.0

31 MAR i983 15:S:8 335 i0' iZ i37 335 !OZ !Z i37 0.0

i APR (953 i:70:35 336 25 48 iZ5 283 26 46 i32 0.0

30 APR (963 Z:2N: 40 338 57 19 la, 336 57 i9 i24 7.4

I9 nAR i563 i6:.25:15 335 33 21 5 302 Zo 3i a5 0.0

31 MAR 1963 13:i0: 339 33 9 i 60 335 339 i 60 0.0

31 MAR 1583 5:52:30 340 56 i0 62 30 56 10 62 0.0

30 nAR 1563 i6:S5:53 34i 89 7 69 335 l17 6 78 0.0

3. MAR i963 i0:47:56 34i iO4 9 i02 Z;i i04 9 102 0.0

30 APR ti93 8:36:i6 3i 35 34 125 34" 3S 34 1"5 i.9

30 MAR iS3 ii:46:16 343 27 35 ,0i 26 I Z6 H16 0.0

I APR iS93 8:30:51 343 60 20 i3i Li 65 Z0 44" 0.0

30 APR i963 i:46:58 345 37 31 130 2,Z 3i 36 i37 ii.9

30 APR 1583 3:22:56 345 4i I2 73 3A5 49 iZ 73 6.3

2 APR 1983 i3:39:47 347 45 22 i4 347 a5 22 i4 0.0

30 APR I563 5:2Z4 '7 23 3 64 5 36 i6 64 6.4

30 APR i963 6:33:30 347 47 20 i04 304 36 27 ii6 i.8

3i nAR 1963 2":40:33 349 ii8 S5 6 Zii i07 5 ii 0.0

3i MAR (983 S2:55: 9 350 S3 i3 77 %8 50 i4 77 0.0

i APR 1(63 7:1 :-75 353 i61 4 76 353 16i 76 0.0

Z APR 183 13:435 355 5 s-, 3355 52 33 f 0 0.0

30 APR iz,3 14:59:50 356 905 7 80 35S t s 7 80 9.2

29 MiAR 9983 15:4i:47 5S7 37 16 75 169 Z8 2 77 0.0

30 nlR 91483 2:29:25 360 63 10 83 36 63 10 63 0.0
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SOUTH CHUKCHI WINTER 1983

0ATE TIME Phni PA i A~i Fi PriZ F62 A. FZ VEL
28 ruAR (S3 (5:46:56 3 6 2 24 28 61 265 42 23 (10 0.0
31 MARL (8-63 2Z:=S:i4 3 6 Z' i5 4 58 Z6& Si 5 60 0.0

.! 83 8::1 35 .20 8 36' 208 z 56 co0
3i MAR iSE3 ito:Si :4 365 E2 Ii 88 3i8 i24 6 ((3 0.0
31 htAR (863 22,:47:35 365 22 3 3 -57 365 223 3 87 0.0
3iMA S83 15:17:54 367 12Z1 6 (03 228 ISO S l05 0.0

30 A~PR (863 Z:i7:49 368 38 (6 68 2427 48 3 7i 8.0
30 APR I(883- 3:i8:48 36C8 88 4 63 36S 88 4 63 3.0
30 tlAR (S63 S:i:3 370 272 33 6Z 370 Z2 33 82 0.0
30 APR (8I83 13:50:i0 370 f83 3 1 (0 245 45 32 (51 E.6
30 htAR (883 i-7:38:40 37i 77 S 77 Z33 45 18 66 0.0
I APFR i883 8:18:13 3741 ( 52 6 (02- 333 68 (5 H(4 0.0
2 APR (8-63 i3:43:56 37i 78 21 i81 37i 783 Zi i6i 0.0
30 MAR 18-83 3:5i:Z 3 72 lZ1 4 57 is58 ii6 4 60 0. 0
30 APR i883 4: 42: 4 7 37 33 (6 80 36i al 6 62 4.4
Z APR (S83 1 3:2Z1I:E7 376 84 2 0 (82 4 306 asz 21 .203 0.0

30 APR (883 6:18:276 377 383 i7 87 377 38 17 87 3.2
30 MAR (S83 iZ:27:46 376 73 i0 E6 347 38 24 87 0. 0
31 hAR 1583 22:4i:11 380 1HS 4 SS 340 66 13 93 0.0
2 A~PR 18 83 (2:58:2c 360 42 2' 4 H16 380 42 Z4 H(6 0.0

30 APR i563 1:41i:45 381 54 I S 5i 248 S ia1 i0i 10.1
30 APR (883 (0:5 4:24 381 i66 3 74 288 82 7 75 5.7
1 APR (863 82:i 364 140 S i43 285 i81 4 145 0. 0
2 APR 1883 (2:!58:26 384 i06 8 105 384 i06 8 iOS 0.0
2 APR 1883 21:47:14 364 76 15 i35 338 68 i5 153 0.0

30 APR (8-63 7:22:13 384 i64 4 76 Z228 44 22Z 1035 1-7
2816 R(8 8:4: 365 88 818328 00 0.0l
30 riAR i,363 12l:35:24 385 56 is 86 385 S6 is 86 0.0
2 A FR 18863 22:18:23 387 112 7 883 176 SO Zi 114 0.0

30 APR 14883 12:i5:42n 388 58 14 6i 3,Jr16 64 i3 8i 8.8
28 MAR I z 63 i3:18:1 388 4i Si 2 --2 388 4i Si 222 0.0
2 hPR S83 2-7:46:iz 38S 61 (3 i16 38i a1 i3 !is 0.0

29 MAR t563 i6: i0:0 3815i 25 'I (67 238 40 44 I80 0. 0
I APR i563 6:16:&4 3jli 44 7 (iS Z230 72' (5 ii6 0.0

Z9 MAR (c83 (3:268:Z 38 4 45 7 n!6 354 4S 47 2 6 0. 0
28 MAR 1563 tS:57:6 47S6 3s 14 206 376 113 17 206 0.0
3 t MR (8583 1 Z:S i:53 3857 37 358 5.& 303 36 40 (5S 50.0
30 APR i963 7:4c-:25 3i7 33 J' 7 7 0 ((4 34 17 76 2.8
30 MAR i983 ii:43:3S 388 3S i3 60 35 3i 13 60 cc.0
28. MrR 18863 33:15:42 3 C8 6 41 I 4 388 Z6 41 H14 0.03

30 APR 1863 7:38:37 400 37 il 8i 170 327 35 12"0 s.1
3i MR (8863 i3:iO:i 401 73 10 62 401 73 10 62, 0.0
28 mRi 1 -83 13:'7:48 404 62 11 66 33 37 79 113 0. V
30 APR (883 (52:8 404 62 5 61 40)4 62 8 1 7.4
30 rtMR t83 t7:50:57 407 482 ii c67 317 So 22 Zt" 0.0

34AR 83 :85 07 26 31i 7 372! 35 Z3 i8 t0.8
TO APR 1463 7:34:a 'LO6 Es 13 65 408 SS 13 6S 5.3
30 1-1R I 68 3 1-7-J3:14 41Z 67 i3 101 A12 67 i3 i01 0.0a

ZR1 6: Z~i:4 4Z 3 4374 l' 1 166 0.13
R I.-Z 63 14: 14:0 4 13 :5 E 81 1 17 j 1:4 i .
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SOUTH CHUKCHI WINTER 1983

DAiTE TimE Phi Frii Ai Fi Pin Zr~ PA A F "7 VEL
38 APR iSS3 ::6 414 38 2 76 4i4 306 2 76 S.9
0- vi AR 1983 ii:4i:34 4:5 27 30 663 264 57 iS 99 lb.8
I APR 14983 6:ZE:5 4i7 i37 4 78 287 i4-6 4 Si 8.0
2 APR ta963 i7:3:5 4-'i 165 4 181 4Zi 165 4 Obt 8.0
2 APR ii983 227:16:22 424 30 28 as 349 36 24 93 8.0
2 APR i4-63 IL: ,z:30 425 214 3 ii4 4893 H3 6 H(7 8.8
2 APR (9683 22:4C:44 435 2E4 3 i05 435 2 54 3 its 0.0
Z APR 1H83 212:7:Zi 437 3i 35 H13 413 41 3 2 i43 0.0

38 AFR i963 7:39 :52 437 58 17 96 437 58 17 ~s 4.Z
38 AFR i963 i81:57 4378 95 fo i08 438 95 (8 188 10.0
3i rmiA 1483 i2:17:3- 448 148 6 938 42"!8 i3Z 7 i 01 8o.8
3i MAR iQ67, (12958 45 78 13 H14 376 57 i42 131 8.8
3i hAR i563 21c:i5:t5 445 3E ES 20i 2 7: 3i Si Z269 8.
f APR 1983 6:295::8 445 Z2 34 Fil 3i3 i52 4 ec 8.0
38rAR 1983 6:f-:23 447 28 32 (27 447 28 3Z 1"!7 8.

3i rIAR (983 Z*Z:ae6:Z7 449 i'4 8 i35 445 140 a i 35 8.8
2 APR 1563 12:58:48 449 45 16 83 445 45 16 833 8.8
Zs MAR 19863 i5: 47:31( 45! (O1 5 -80 45-1 18 U- 88 8 .8
30 APR 3 z83 i2:i4:42 4535 58 33 i75 276 98 is 181 9.7
Z APR !983 22-L:i7:43 454 40 25 HlZ 4i6 4i 28 113 0.0
2 APR 1983 i3:5:35 469 268 6 201 444 Z7i 6 28i7 0.0

38 APR 1963 1:56:53 471 56 4S 266 471 S6 45 266 12.4
2 APR 19-83 20:36:3 472 24 39 (83 3(2 38 25 (2-6 8.8

3%7 APR 19863 11:11:S1 477 25 37 1801 319 59 23- 157 Q2.2
I APR i983 6:24f-4:1i7 468 Z13 4 96 455 4i4 2 18 .

3i MAR i563 13:21:19 482 98b 7 71 Z70 7S S 74 8.8
2 APR 1563 19:29:48 467 4i 43 (85 468 S i 44 239 8.810

3i hAR (983 i0:38:4i 455 iii i i:55 455 M ii (i 35 8.0
29 hAR i983 i3:16:8 587 33 34 123 378 38 43 i33 8.8
Z APR i4983 i3:i6:i2 5(8 tOO ii IN7 388 34 37 (31 0.8

249 MAR I19 83 7:53:93 528 89 S i-76 498 a9 9 12e_!7 8.0
2 APR is963 i3:242:47 52Z,4 68 2 5 186 52, 4 68 215 i66 8.80

38 hAR 19863 6:24:13 561 -CS 43 2747 56i 55 43 Z47 lb.8
38 APR i4983 i:35:21 566 i07 i"2 i44 566 i07 i:2 i44 4.6
.31 iAR 14983 98:38:47 5-66 11O 6 S7 566 1:O8 s 7 8.8v
2 APR i963 "2:14:95 578 98 8 76 578 983 8 76 8.8

38 APR 1563 iZ:i6:48 57i 47 36 i78 50Z 46 37 i8i 7.1
38 APR !563 !Z:16:-75 569i9 1 :6 Z03 E59 118 16 203 18.3
38 mAR 1983 i2:ii9:27 592 65 16 i34 3426 74 16 141 8.80
2 APR i563 291: 46:3 596SS 46 33 17i 596 46 33 175 8.0
i APR ii983 i: Z: Ea5 6012 38 4j 15-7 58S5i 3 6 (55 0.0
2 APR 1563 271:Z6:53 611 135 ""1 310 611 135 Z21 318 8. 17

29 mAR i983 93: 31:54 648 89 Z4 21 i3 64138i 6124 23 0.0
Z APR 1963 Z60:40:44 676 32Z 46 (S3 676 327 46 153 8.83

38 mAfR 1 :83 : -7: -:21 684 i1:3 19 2m3l 664 i13 Is 23 8 1.0
38 APR 9983 I9:39 :8 76a ::t7 16 Z-05 64 131 is 2: 3.6
2 APR 1483 23:0:Zs 763 232 9 23i E2 'S 4 9 254 8.05
38 HPR :983 ::16 :S5 8-5:1 16i :8 204 85: 18 z 8 28 Z4 5. G

2 PR:93 ::B~6:88 : 3 2 3:9 5:i 54 767 0 .8V

Z ~ ~ ~ ~ ~ ~ ~ P 2F 48 )264 00.1



NORTH CHUKCHI WINTER 1983

DATE TimE Fn FRiA i Fi F m2 2 A2 F2 vEL
iZ AFR i563 i5:42:37 i47 35 i 56 103 7 i2 b2 4.2

i2 PR i563 i9:43:45 iSS 30 5 54 134 49 7 75 4.E

8 APR i983 i8:26:3i i75 i7S i 3i Iii 24 i6 50 -. 7

8 APR i98 i6:3:S i8 64 2 i 2 S i8 30 i 37 -.3
a R 1563 i8:35:ai ia5 6i 7 57 :85 6: 7 57 -.2
26 APR i583 2i:i:2i i65 34 36 il i77 37 34 i4a 5 .

24 APR i583 i5:5:io iSi 31 IS t 4 iE3 Z9 i7 56 0
i6 APR 153 :3:27:3i 28 33 i8 41 15i Z a 60 i.6
a APR 1583 ::36 :3 220 38 8 44 127 i9 E -.2
3 APR 9653 4:14:Si 27i 64 24 i68 ZOE 63 Z 71 0.0
3 APR 1563 4:3i:53 24i 64 i8 i72 2': 64 t8 i72 0.0
3 APR i983 ::32:7 245 4s E5 282 z4i 40 5 283 0.0
7 APR 953 i5:i3: 245 66 3 28 25 86 3 26 0.0

12 APR i563 i7:36:5: 2Z7 3 53 i65 Z34 3i 54 i74 3.53 APR i953 i:42:iG 245 44 54 258 243 46 53 257 8.0

8 APR i583 7:46:52 Z22 38 SS iS ; 3 8 i75 6.0
2 AFR i183 23:32:48 257 75 i7 i45 257 7S i7 i45 0.0
3 APR i963 4:32:35 260 62 20 i34 Z60 62 20 i34 0.0
iZ APR i583 i6:ib:3S 260 4i 33 i58 2i 40 38 i58 2.4
3 APR i583 2:43:i 262 52 ES 382 200 53 55 304 0.0
3 APR i563 2:56:29 264 53 57 3i8 i15 66 56 387 0.0
3 APR 053 2:43:54 267 52 S5 29 i7i 58 56 34i 0.0
3 APR i9583 3: ; 268 55 54 3i2 245 55 54 334 0.0
i2 APR i953 i:i:Z5 268 22 3i 82 Z36 38 23 50 4.7
25 APR 1583 !7:3i:24 269 36 i8 65 123 34 3i ii2 7.3

3 APR i583 3:6:i5 270 56 55 324 153 65 54 368 0.0
3 APR i583 3:0:34 272 55 55 3i6 257 55 54 336 0.0
7 APR i563 i4:40:22 274 45 17 67 238 58 28 iM 0.0

2i APR i563 9:2 :Z2 274 8i 20 i75 i54 75 23 i65 4.7
2 AFR :583 23:i:i 2 275 68 i8 i34 i93 72 iS i49 0.0
3 APR i583 3:3:1Z9 275 57 56 337 263 55 Es 335 13.0
7 APR i563 i5:i:2 275 i22 3 43 i66 74 5 45 0.0
i2 APR i53 i7:47:iZ 275 32 56 iS5 200 40 57 238 5.3
2 APR i563 Z3:33:46 Z76 188 12 i4i 276 i18 i2 i4i 0.b
3 APR i563 8:25:57 276 45 26 i36 276 49 26 :36 6.0
3 APR i963 i:4Z:43 276 35 54 2i9 266 39 54 Z2i 0.0
3 AiPR 183 3:8:4 276 56 55 324 5 55 56 32 .
i2 APR 1:83 i16:3:22 276 Si 28 i1Z 272 55 26 i53 2.2
ii APR i583 i4:i0:38 277 ii 4 57 2i2 3i i8 63 3.6
3 APR 1563 2:55:23 278 57 54 323 257 57 55 330 8.0
2 APR i563 23.35:3 279 3 i4 i43 275 953 i4 143 0.0
3 APR i583 i:3:i7 280 4i 48 205 252 43 45 723 0.0
3 APR i983 2:59:31 280 6i 55 352 280 64 56 374 0.0
S APR i9583 ::4:53 260 174 3 6i i55 64 i 74 Hi.7
7 APR i563 i4:44:25 26i 65 20 i52 266 65 28 is 0.0
3 APR 1963 2:52:i2 284 54 55 3i4 234 55 SS 328 0.0
8 APR i965 i8:32:54 284 56 i2 80 284 56 i2 80 -.3
i2 APR i963 17:44:6 285 40 56 238 264 43 55 258 5.4
3 APR i563 3:28:i6 Z86 Si 54 287 i47 55 54 334 0.0
3 APR 1583 8:28:57 29 44 22 48; 2 E; 55 1 t07 0.0
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NORTH CHUKCHI WINTER 1983

DATE TlnE Pi PAI Al Fi Fri2 F62 ti F2 VEL

3 APR 1583 3:4:20 251 S3 57 315 156 57 56 344 .i

7 APR i563 i: 43:14 "i 35 16 75 Z66 46 1E 61 0.0

8 APR t583 i2:24:52 2 4 8 84 2 6 5 65 6.5

6 APR ie63 7:46:42 252 3i S7 i67 1266 33 S iii 7.5

3 APR 1563 i:I5:Z6 253 25 t4 I65 2 5 :4 172 0.0

24 APR i563 22:7:a6 25 i6 4 4 67 35 7 .6 Z .

3 APR ,563 3:5: Z 254 52 56 363 272 S3 57 326 6o.

i2 APR i55 16:-5:4Z 254 73 16 :25 266 66 2: ,4 1.5

12Z APR 1563 17:S1:43 254 3S 56 2Z 0 15Z3 3S 56 2:4 i.7'

3 APR IS3 :22:15 255 33 53 i64 16 34 52 i65 0.0

3 APR i53 3:i:7 255 62 56 0, A5 62 56 362 0.1

7 APR izfE i5:6:48 29 ii4 3 4i 265 166 2 44 0.0
25mR 95 @ Z Z6 7 i73 L- 37 44 i73 2.7

25 APR 1563 i6:44:Z5 2156 37 ~4413 263 ~ 7

3 APR i563 O:i8:34 257 83 i2 iiO 262 6i 5 1Z4 0.0

3 APR i563 2:8:43 27 44 SS 7S3 257 44 55 -S 0.0

3 APR i963 3:5::6 257 56 56 355 257 58 58 355 0.0

2 APR i563 23:26:27 256 66 12 Hi4 152 55 26 iZi ;.0

ii APR i9563 i3:35:O 25 Z25 2 52 255 36 i3 69 7.2

3 APR i563 6:26:Z6 500 56 4 50 263 56 i7 i66 6.0

3 APR i53 6:33:55 300 45 26 i3i 300 45 26 i3i 0.0

3 APR i583 3:i:i7 300 56 54 3i6 I4b bb 56 336 6.6

3 APR i583 3:32:35 301 48 55 26 156 45 55 26i 0.0

ii APR i563 i3:i5:O 30Z 83 14 i28 302 63 14 i26 4.i

2i APR i563 5:54:45 302 65 ii 77 i72 26 3i 56 5.5

27 APR i53 0:6:8 36Z 2 5 ii 56 25 37 IN6 5.7

3 APR 0363 1:42:49 303 32 5Z 173 363 32 52 173 0.0

3 APR i563 3:4:i2 363 66 57 3S7 244 55 S6 357 6.0

3 APR i583 3:7:55 363 65 56 363 305 65 56 363 0.0

3 APR i563 4:34:52 303 70 i8 iSO 1 68 60 22 iSO 6.6

3 APR i563 3:i8:8 304 52 54 253 i62 b 55 365 0.0

Z7 APR i563 6:26:i9 305 26 36 127 251 54 32 i63 i.z

2 AFR i563 23:22:57 307 86 14 13d 366 1 5 15 SO 0.

2 APR i9563 23:34:3 305 64 16 III 246 7S Z 0 76 .0

i5 APR i153 i3:12:30 305 103 5 55 30i 175 5 62 7.0

25 AFR i583 20:2i:2 305 85 8 74 .36 72 iO 77 .7

APR i563 23:i6:56 310 64 Z t38 254 72 20 3 01 .0

9 APR i153 :1:1:20 3io 53 6 6i 47n :j 6 es 6.3

ii APR i563 i3:26:34 3i 32" a4 134 3i6 32 40 134 6.4

3 APR i9563 2:36:33 312 Si 56 256 67 55 54 310 6.0

3 APR i983 3:0:2 32 60 54 340 2(0 64 55 37i 6.6

15 AFR i963 i3:E:2 3 2 63 12 83 217 SO 24 126 44.5

Z4 APR 1513 i6:,6:56 3i 63 iS IO5 256 60 16 1 8 .

2 AFR i563 2 3:Z6:4 313 b i7 104 ivO 55 2, 034 .

3 APR i563 3:24:5 313 56 54 327 234 60 S4 34i 0.0

24 APR i985 Zi:43:49 3i3 60 12 83 5i 2 5 Z7 65 5.6

3 APR i563 O:Ii:3 35 6 ,9 i1 3Z 5 66 t5 22 0.6

Z APR i563 23:23:21 316 66 ii 102 27i 56 18 ,iS .6

3 APR 1563 2:i:Z 3t6 40 55 Z 2 I4 46 S4 260 3.0

ii APR i983 I2: 4:24 516 i2: 3 43 :76 32 3 5 u .

7 6PR i563 iS:43:32 37 I3 4 63 3iT 138 4 63 0.0
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NORTH CHUKCHI WINTER 1933

DATfE TIME ph i A i At Fi FriE PA~ Z VEL
2 tAFR i563 923:33:40 3i5 go iti 18 , 5

20 AP 1583 i3:53:ia 328 48 42 210 275 5o 45 255zi
44 AP 1563 tG:16:38 320 13Z 7 iG7 3O2 i38 7 118 9.9
3 AP iS83 8o:2:1 3 1 55 25 145 321 55 25 i4S 8.0
3 APR i563 0:38:48 321 55 20 i2 186 -7 5 iS7 0.0
3 AP i963 2:55:c8 321 54 54 385 i67 56 ES 336 8.8
3 APR iz583 2:35:27 3242 6-2 54 353 322 6 2 54 ~3 0
15 Z- 158ic3 i3:39:20 3 22 35 28 86 154 46 21i 102 1.5
i i AFP 15-83 i3:3i:37 373 S3 iS tot 218-t 56 i5 11s 6.
i6Ab tiS6153 ii:52:30 323 i81 4 42- 318 ES 4 43 S.0
24 AP 15-83 is:6:3 323 45 27 128 2755 45 2ZL8 i44 8.
2 AR~ iS63 Z3:20:49 32,n4 55 is 85 158 58 i7 i06 o~
2.tAPR 1563 2-3:24-2:40 32s e5 8 78 258 i 24 it i5o 0.
3 AP iz583 0:12:SS 325 74 it 60 i~o 55 is 96 0.
ig AP i563 i3:38:15 325 34 33 116 274 374 34 iZ3 i.0
2 AP 1583 23:15:50 312 6 Si iS 184 326 Si ii i84 0.0
2 APR 183 2:3:23:56 326 8i 8 54 .326 6i t8 54 Co. 0
3 AP (G63 3:14:2 326 SS S4 3i3 iS3 56 55 3 20 0.07 APR 1583 iS:42:45 32,6 58 23 12.4 32 8 3 14 8a
5 A~PR f583 5:6:45 326 3S i7 75 326 3i i7 75 4.3
24 - f9153 8:21 327 i34 3 45 2748 67 7 S4 4.3
7 VAFR 1583 (4:56:43 328G 85 i3 148 32r2 i15 i 2 158a .8o
i2 AP i583 .r:1: 32 8 3 28 1 88 3i6 36S l' 185 3.7
24 APR i563 iS:1 1:57 328 77 6 55 318 86 6 61 S.s

7 tPR 1583 i4:=6:54 325 54 i4 85 325 54 i4 65 8.o
11 APR~ 1583 112:8325 55 i3 85 214 59 5 188 S.5
24 APR 1583 16:16:52 325 SS 71 S3 3i7 i22 6 58 i.6
24 A~PR i563 21i:53:5i 325 43 i3 81 66 185 5 too 5.6
3 AP i583 8:27: 37 333 78 i4 12Z3 285 61L 22 j4S a.80
3 APR i963 8218 333 i41 5 S7 30S 47 24 123 8.8
i t APRi563 5:38:48 333 89 6 512 3i4 66 S 78 5.0
5 AP 1583 10:36:3i 334 38 21 6G 252 55t 14 580 6.7
8 AP iSS3 iZ:40:22 3535 8,2 6- 56 335 82 6 56 6.8
8 AP 1563 iS:57:58 335 tog 18 211 383 104 21 238 -. 3
2 APR 1583 231:8336 84 7 67 248 76 8 6i 8.8
2 AFR 1583 2-3:35:14 336 187 ii 136 245 84 iS i74 0.0
i5 APFR 1583 i3:6:23 336 iS 32 64 176 63 18 i-23 i.8
24 APR i463 22:5:7 336 Zi 37 6i 238 27 H5 8i 6.27
25 APR t363 28:16:7 336 52 7 7S 25 61 13 88 4.2
2 AP 1583 n3:286:6 337 82 it 58 30i 75 11 52 8.8
3 AP iS83 8:i7:21 337 6i1 23 202 338 i05 20 22 -:7 8.8
7 APR~ i583 i4:52:57 337 66 ig 144 337 66 i9 i44 8.85

25 APR i963 i7:36:i8 337 7S 2 63 318 2.62 2 63 2.
26 APR 1583 4:,:8:216 337 65 8 63 7 843 83 6.3
3 IAPR iSE3 8:7:,3S 338 78 9 7i 185 68 it 75 8.8
3 APR i983 8:34:25S 338 46 28 121-t 319 42 32 14i 8.8
3 APR 1563 2:45:8 338 56 S7 333 1738 S6 S7 333 8.8b
iS 9PR 1583 i2:Si:S2 338 57 280 123 338 57 28 iZ3 .8
24 APR i583 ig:3:53 338 110 6 75 Z64 iOG 7 68 2.7
2 APR iz583 23:2-4:49 339 88 16 fia35 335g 88 16 143 8.8

A-21



NORTH CHUKCHI WINTER 1983

DAjTE ThE Fri: i A: A i F: FriZ PAZ AZ F 2 vEL

i i APR iS63 i 2:0: 45 335 60i 6 7S Za7 106 6 64

I APR isa3 12251 1 4S 22 4

j'2 APR 1563 iS:i4:'J4 335 44 57 264 3i2 46 S7 276 4.6

i4 APR i563 i8:12:20 340 S6 7 74 257 t6S 4 134 5.4

Z APR 14-83 273:j5:46 34: 68 iS 138 2,5a 7Z 22 i73 0.0

24 APR 1963 i8:47:St 341 4-1 Z6 56 218o 46 ii 53 3.6

ii APR i963 ij::4:25 343 63 iO 'J4 31i iO6 8 57 8.8

6 APR i563 1 5: 2 : S7 344 12 6 i S 3a4 1 2 6 05 -.3

20 APR 1563 1E:5E6 :3Z 3 4 S i is i51 34E Z-i i5 i51 2.5

a APR 1583 0:3s:46 346 36 46 146 3216 36 47 145 6.0

i i APR i563 ii:aj:35 346 52 :616 i~ 6 50 16i 6 7.4

i4 APR iZH3 16:Z6:53 346 118 6 67 346 ii6 6 67 10.5

i4 APR 150;3 t7:'i9:27 346 HG6 6 67 346 i18 6 67 tO.2

25 APR i563 2i: i7; E 3466 ~ Z 4 T 266 57 is S .

i APR 15883 ii:S6:i3 347 67 7 53 i:z 36 i7 76 6.4

25S APR 1:383 i7:47:36 34~8 43 31 142 325 45 36 14G .

3 APR i583 2:52:4 34S 58 57 348 263 55 57 35S 6.6

Z5 APR 1563 i7:8:3 345 81 6 75 367 St H 168 3.3

25S APR 1563 i7:8:5 3, 5- 5 3 67 315 NO6 3 67 3.8

2*6 APR i563 3:45:26 345 62 6 57 335 163 5 66 S.5

iZ APR i583 1 4: 3: 42 356 35 4i 152 3z 75 41 12 6.0

5 APR i583 i6:i4:46 35i 54 ii 'is 336 Si 12 i66 6.6

ii APR i953 i1:512:55 35z2. 82 4 S57 i73 55 i9 i2i 4.7

24 APR 1563 i5:5:45 3S2 6: 10 75 2 i5 57 i 2 76 6.6

3 APR i983 6:25:36 3535 S3 2 3 13 34 1 14 15 153 6.6

i6 APR 1563 1:3:2 354 79 6 66 256 55 8 56 1.5

2 APR 1583 423:3i:54 355 52 ii 12 365 i65 i-7 143 6.6

21 APR 1563 5:42:25 355 SG Z: 1 26 .2Z S 3 4 (35 2.6

2 4 APR 1583 18:41:5 356 48 36 i82 235 43 43 155 2.6-

S APR 1583 i6:37:3 3z57 43 18 88 357 43 i6 88 7.4

i i APR i583 6:36:i 38 S a15 4 67 3i5 54 ii 65 3.5

12 APR t4563 26:45:33 358 135 3 85 250 122 9 i2i 2.5

7 APR i563 i4:44:37 55 43 260 1:65 356 43 26 16 6Sc.60

5 APR !563 i0:36:10 355 34 32 i i 5 355 34 32 ' 15i 6.6

J i APR 1 .-53 13:48:53 35351S 8 163 3 : 64 27 183 7.8

i2 APR :563 1 6: 12:30 366 23 .36 86 35 22 38 85 2.6

124 APR 1563 26:55:2 3766 34 16 74 i63 47 i6 54 8.2

3 APR i563 6:7:26 3627 84 13 125 273 56 23 i40 6.61

3 APR :563 /2:9:0 362 45 S9 285S 178 Si 54 268 6.6

21 APR I563 5:227:53 362 56 :5 124 25 43 32 i46 1.1

3 APR i563 6:27:46 363 f14 16 1"8 8216 66 22 148 6.6

S APR 1563 11:Z3:0 363 Si 53 57 151 56 4 82 5.2

fi APR 1563 6:56:16 364 3S 36 140 363 37 37 4 3 7.7

0i APR I1S63 1 1 :23.:43 364 68 16 i19 361 65 i7 260 3.6

24 APR i563 15:23:26 364 36 36 14S 245 56 37 i55 4.6

3 APR :583 3:3:58 365 S3 56 3 14 2-7 SS 56 32-3 6.6

9 A PR 1 583 j0:15:70 3565 75 26 26 683 5 .

2 APR 1563 2 3:25:4z-6 366 66 12 1 4 :57 68 12 07 6li.6q

iz PR153 i4:35:15 E 6 :3 2 Si 256 77 6 iO.
24 A PR 1563 21:4 j :5 14 4' IL5 713i28 2 6.5

A~-25



NORTH CHUKCHI WINTER 1983

DATE TInE P iPA: tI F1 ri2 P Z AZ FZ VEL
iS APR iS63 i-7:66:40 3E7 73 i4 i46 366 73 2-7 17i 2.1
26 APR S663 ii:46:37 367 is2 3 52 264 S6 13 67 5.7
1 2 APR i5E3 -70:37:9 366 Z-0 4 S62 366 Z0 4 ' .: .
24 APR i583 i3 8 ::53 365 i36 6 54 346 33 3: s 4.06
3 APR 1663 2 : 63:7 37 666 3 j 66 737 6.
6 APR i583 i8:7:3 376 64 5 75 363 6i 10 77 -.4

i2 APR i163 26:i:i6 370 76 7 102 370 76 7 102 2.4
24 APR 45 :SS:3 37 2 46 6 28 67 6 62 3.3
2 APR i663 Z3:i7:26 37i 63 i6 i47 -35 4S i7 164 .O0

ZS APR i563 20:45:1S 372 236 2 S7 33O 2a 2 60 Z.3
i2 APR i583 i6:4:3 373 45 67 266 373 4S 67 266 6.2
3 AFR t063 0:8:17 374 i04 i7 iS6 374 104 i7 ic6 0.0

27 APR i183 6:27:46 374 4.4 32 iSO 317 50 33 i70 i.a

2i APR i:63 5:46:i6 377 72 i3 0i7 377 72 i3 ii7 4.2
3 APR i563 0:5:35 376 66 i7 ii 376 6S i7 ii 0.0

24 APR 5663 2:46:42 376 67 5 66 246 75 i3 i66 6.6
ii APR iE63 ii:66:22 37 66 26 ii Z46 7S 2i 262 6.4
20 APR t583 1:i:3: 376 45 is 64 315i Si is 66 3.4
8 APR i583 i1:43:i7 380 73 ii 66 2S7 64 iO 55 -.3
26 APR i63 13:10:11I 360 67 23 i.ze 36 67 23 ia2 3.6
24 APR i983 i6:43:iS 360 76 i6 i64 i1i 62 is i68 6.6
5 AFR i583 ii:G:i4 36i 67 8 62 333 34 i6 6i :o.i
i6 APR i:63 36:22:4 362 64 3S i13 274 66 34 Zo 6.4
26 APR :963 3:i:37 362 18 Si 56 306 is 66 16i 6.i
25 APR i563 20:27:56 3E3 255 2 62 363 266 2 62 4.4
ii APR i563 12:50:46 364 46 25 ii6 376 46 24 125 6.2
26 APR i653 20:65:5 364 66 i4 i@2 336 66 i6 116 3.2
3 APR i83 0:ii:54 365 50 :6 i103 36 66 i6 i13 6.6
6 AP i58 3 6:26:Z7 366 26 i: 60 270 i1i 6 66 8.2
8 APR i163 iS:i7:45 387 i26 5 66 367 i26 6 66 -.3
i4 APR i563 i6:16:47 367 262 3 66 263 :E7 6 i16 7.6
i2 APR is63 20:2i:34 366 IN 4 67 3Z4 3-4 i :06 3.5
3 APR 1563 6:36:6 366 :66 i6 i66 385 i6s 6 i86 0.0

26 APR i063 i7:i6:6 3E 53 i: S6 2:6 i3S 6 66 6.2
26 APR i53 20:51:9 365 SS ii 75 32a 7S 5 84 6.
is APR 1583 12:S6:33 366 127 ii :53 364 1:27 1 :1Sa 3.6
3 APR :663 2:63:33 351 S6 SS 3Z2 :6: 56 66 336 0.0
6 APR i483 i:9:i6 39i 12S 4 55 36i :2S 4 S 6.7
i2 APR i983 i8::i:25 36i 45 54 2SS 244 46 6 2 3 3.3
i6 APR I:63 6:43:26 352 :56 3 56 35:5 Z: s 62 4.5
25 APR i663 :6:46:0 362 352 i 65 239 76 7 64 7.i
3 APR 1563 3:4:3S 363 44 66 256 i4s S6 6 269 6.6
i2 APR iz63 1:6:1:8 353 53 57 35i 313 5 67 326 3.4
24 APR :663 i6:36:22 363 E7 i6 ii 205 72 2 165 3.s
24 APR 1683 i5:36:27 393 ii6 6 :09 286 :25 6 :24 2.2
26 APR 166 6:66:i5 363 26 Si :06 3:3 20 Si 106 8.6
6 APR :6--63 :6:35:3S 36S4 64 11 t;: -763 :13 16 : -. 2
24 APR i663 21:4:28 3:6 36 43 178 363 46 47 Z7 3.2
24 APR :563 21:43:43 356 37 3658 145 36 3 37 6 iu iO.i
2 6 AR 133 17:D::;4 366S 13s 6 sG 236 a122 6.S



NORTH CHUKCHI WINTER 1983

6 ETinE Fri ir FA 1 1 Fi PriZ Fr62 A2 F2 VEL

25 riPR i563 2 0 :6::S 356 50 f4 76 -11 S3 4 103 6. 5
3 FPR 165-E3 0:266:is 4VJ0 i33 12Z 164 25. 6330 1 .

s3AP iS83 6:11:34 403: 36 6 6E 36 i Z, 7 102 3.8

5 ~FR 1583 i0:5-:2 40 i47 4 4134 167 4 i63 7.6
24 APR i663 i5:7:46 40 422*0 3 E6 4U4 4.70 66 6.0
i E APR i663 13:0:2 3 0 Z5 106i 37a i61 3 i i3 i.3
6 APR i4E 17 :2'0:3 Z 40E 82 4 Z 4136 6, S 51 -.
26 APR i663 Z 0: 2:3 7 40 57 io b= 56 12 .7 1.
j3 APR 1563 6:i7:46 40S 125 i4 S5 404 i30 i 4 202 3.4
0i APR iS83 126:2410 346 2L GS 1 346 2 65 10.1
6 APR 1-63 6j:1,2 :I f f C 2 6 4 E 1I 1 J-1: 3 j 4 14t3 b6.3
5 APR iS63 0 l: :656 411 47 235 i3- 411 47 2-3 i34 6.6
ii APFR iiE3 12:Z23:si 414' i08 i 16 247 65 21 62 7.2
ii APR 1663 i,2:446:31 412 22Z 4 73 22Z7 634 i4 65 6.2
1 2 APR i583 210 :26 :6 4i2 146 4 7 7 3i6 315 1 61 5.0
2i APR iz663 6:21:24 413 4 C 16 63 4i3 40 16 63 6.6
14 APR 1663 i6:17:44 4i4 61i~ II 02 4i4 8i I 102 3.6
7 APR 166 E S i:5 415 163 3 60 37 S l 6) 1- i 0.0
I I mI AP d b6 6:56:5 t I 41 167l t I L 4 416 I6 5 2 t) .7
!APR 1663 i3:20j:61 416 56 26 S175 416 Su Z 17S 2.i
3 APR 6 63 2:sl:s3 417 64 66 3~1 26 6 4 57 32 1 0.0
i i PrK 1653 IV)*I: 11 41 3 M 33 10b 41t 003 10 2bZ.6l
24 APR( 1983 is: :- 417 66 .3 2 ,_3 61 46 512 7.3
3 APFR iS83 0 :12: 30 416 S9 16 106 341 64 1S 106 0.0

12 APR 1,563 i6:12:1 416 61 Z0 133 0 656 4 6.5
24 APR 1663 i6:iO:i3 416 170 3 76 2 6 36 25 116 7.6
i Z Ar,-i t5E3 14:t5:36 416 41 31 135 240 36 3S6 42IL 6.7
2i APR I , S: I: 20 415 70 2b 6 i~i 415 70 26 152 .7
i2 Ap, 1663 270: 6:655 420 1635 3 67 3274 3274 1 166 6.2
20 APR i663 i5: 0: .4 420 163 3 66 166 i23 7 66 G. 3

:5 APR i563 i:2 :~ S6~ 1i 12 7 422 51 12 i17 6.7
1 2 APR 146 i6:G45 424 i67 5 66 364 177 5 66 4.7
24 APR 1663 16:57:33 42-4 103 S 76 204 36 36 S 40 2.6
44 APR ii663 i6:4:14 42-L5 64 21iaz 360 67 124 170 4.4
8 APR 14-65 1b: 4"76 177 6 ivi l-S I120 7 16 -.3
it miPR I 663 i3:37:42 426 S I'LL 2 i-6 313 52 276 145 3.4
i 2 APR 1663 20G:Z6:62 4127 42ZL7 135E 366 967 0O 164 a. 7
13 APFR IZ16 5:67:3 44L(1- v S i47 L-Z: 63 21 146 4.6

5 AFF 1663 IO:15-:Z24 4 - 137 4 66 1~0 7 1 li 67 6.7
24 APR 6i63 17:j:3 426 72 i 2 63 33i 66 S 172 3. 0
ii tAPR i663 i1:36:36 43'jl 0 02 6 v 4OZ 75 ii 51 7.6
11 MIFR 1--33 12:3:53 4531 4 -I 635 4 31 431 1 71i 2.-2
ii eiPR 1663 i i : S S 432 34 2 72Z 4-,Z ' 4 2 6.6

25 A :R 663 -70:46:40 4:3 SO IH 63 433 SO i1 63 6.0
i APR 6z53 6 :20:354 4-4 SO 12 E3 4Z4 SO 12 63 4.4

li mr 1 6.3 :5J 4374 24 4G lie 4--4 24 146 i 4.7
ZO A PR '66E3 I:4Z. 5 71S 37 -6 76 8: -3 C

A- 27



NORTH CHUKCHI WINTER 1983

OATE T iME PFi Fmi 6i Fi PriZ PA2 AL FZ vEL

24 APR i963 i6:57:17 436 45 36 i65 336 4S 36 i7i 3.1
3 APR i983 i:54:2.  437 SO E4 262 437 50 E 4 62 62

24 APR i963 2::36:t6 437 i38 s 140 366 i63 6 i44 6.6
6 APR i63 0:57:4i 436 40 36 i12 372 3 3S t60 0.0
i2 APR i563 -7:i:44 436 i6i 4 i27 4Z6 i 6 4:2 2.

9 APR i963 ii:6:37 43i ia 7 76 3ai ic57 4 77 6.7
2i APR i563 io:50:9 440 Z36 3 60 374 200 4 s8 6.5

i1 APR 963 iZ:36:34 4&i 2 3S (07 347 37 30 K6 3.4
i2 APR i963 i6:iO:47 443 56 57 33 443 £6 £7 335 6.2
is APR i583 i3:i0:,6 443 66 i7 i3i 437 76 28 22£ 6.6
6 APR 1663 16:48:52 44' i12 7 60 i57 63 4 ZG -.3

APR i163 22:2:35 444 26 32 66 S 36 2i al 5.6

6 APR i963 i6:22:20 445 449 i £6 33i 33i 1 71 -.3
24 APR i663 5:24:13 445 S6 ZS 5 1S 8 26 S i 52 5.5
i4 APR i583 i5:59:56 446 i2 S 70 42i iSS S -s 7.7
9 APR i563 ii:26:35 447 i7£ 3 56 35i 3i 20 67 8.6
8 APR i563 i7:122: 446 66 is 203 440 6 i 207 -
ii APR i563 s;36:3i 446 i04 ii i27 331 76 6 23 6 6.5
2 APR i563 23:23:4 45i 105 9 i106 i66 63 i37 0.
6 APR i653 6:i6:36 4Si 5 i6 109 45i 56 16 i06 3.8
i2 APR i583 0:26:2 452 i46 4 i07 3iS 2S5 2 i06 4.6
6 APR i563 i6:33:37 453 i0i i3 i45 450 i04 i3 i53 -.3
i2 APR i563 16:16:26 453 i62 167 453 i 62 6 167 5.6
20 APR i563 iZ:S5:i7 4S3 76 6 7i 4C3 3 6 7i i.2
24 APR i463 i5:5i:44 453 S3 20 i60 439 47 25 izS 3.3
24 APR 1563 iE:5:2Z 45S i35 i7 264 340 143 i7 272 S16
6 APR 1683 i0:i4:SS 456 62 9 i34 456 62 i54 7.i
i6 APR i563 i3:i7: 4S6 i4 02 7 63 348 146 6 i30 7.5
6 AFR 563 ii:ii:ii 457 i33 4 66 225 66 i8 i36 6.7
6 APR i563 i6:33:i3 456 i02 1 iZZ 365 6i 4 i4 8 -..

5 APR 5663 b: 30: 6 46i i67 3 8i 3ii i76 4 126 3.7
i2 APR 963 2 0:27:4 46i 266 2 iii 46i 266 2 iii 2.6
5 APR i563 i0:26:i2 462 i65 6 i2a 446 72 i7 137 5.5
ii APR 363 6:55:8 462 i07 i3 i5 366 76 2O i76 8.i
.i4 APR I663 16:i4:i4 468 468 1 56 337 247 2 66 i.7
5 APR 1563 i0:37:i5 466 76 13 iZO 457 47 25 126 7.4
ii APR 683 i2:i:54 463 57 26 iS6 446 55 27 t62 3.2
i3 APR 163 6:i2:i 470 52 2i :6 3 ii 1, 4.0
a APR "683 14:12:5 47i 56 8 65 47i 68 6 85 .2

2: APR 3163 i1:50:3Z 47i 47 44 216 471 47 44 21 5.1
24 APR 963 47:i:2 47 26 62 S 7 5 5.0

1: APR 663 i1Z:34:2 47 55 26 176 276 36 47 iii 4.6

24 APR 163 6: d:S 472 Z53 3 12 1 4 2S0 3 iZ3 .6

6 AFR 1:63 7:$6:4 473 64 16 171 473 64 16 ISI 3.2
8 AFR 1563 17:2 :46 416 86 11 t- I-S 476 6 I 2ZS -.2
8 APR S683 16:16:36 476 5i i7 3 476 62 14 56 -.2

2i APR i663 10:56:2: 476 476 1 70 464 76 86 Z.I
24 APR 63 s::536 478 75 7 i 7 7' 7 1 14Z 1.6

ii APR :%53 12:11:2 47i 70 8 i i 44 68 7 165 4.5

20 i 3 R 'A-2 3

A- 28



NORTH CHUKCHI WINTER 1983

DATE T fliE Fi I A 6 Fi Nit rri m F2 Z vEL
8 APIR 1663 i7:4i:40 461 Ill S li 48i 6l i6 -.3
APRAPR 63 16:47:4S 481 62 4& 263 461 62- 40 H63 4.

8 APR i583 7:40:Z4 48 36 5S Z206 476 40 55 251 7.2
2~APR 1683 21::6 46 22 1 8' 8 356 65 4s 86 .
i r683 AP 5a 1 3:3:44 483 37 43 j68 483 537 43 168 5.3

6APR iSE3 S:H:Z5 484 63 26J 87 228 3.18

28 APFR I H3 13:6:27 485 102 2624 41 u*~ 2 1.4
Z 1063 11:32:1 485 SO i4 14i 4so 88 is is", 6.6

4.4 APR 1683 is:0:10 4),- 15S 1 15 431 122 6 120 2.8

m FR -63 1ID: b: I 486b liT' b b8 85 e 87 6
5 r i68 1S3 i6:14:34 486 64 7 68 405 65 10687 i.9

ii AP-R I H3 14:i2:15 488 66 Z6 0 56 486 76 6S i76 2.
24 APR izE 6s:6:36 486 2151 3 62 266 68 17 i06 6.4

ZZAR163 2:4:37 46 36 47 tSO 485 30 47 156 5.3
8 APR 1663 i6:33:3 456 345 2 82Z 450 354S 2 82" -.2-
24 APR E63 .j:4l:i7 456 4V6 16 61 366 36 16 i56 7.7
274 APR. 1683 LL.: S: i 46 .286 47 i412 Z 4 34 44 i65 3.65
25 APR 1563 18:32:14 4462 61 16 76 46i 7S 76 4.7
8 APR S63 i 6:4: S3 464 166 4 84 4 66 4 84 -.3
24 APR 16S8a3 i6:i6:27 4644 57 33 267 486 75S 33 266 7.7
24 APR 683 15:6:16 446 5c 1' 4 138- 465 86 14 1:56 i.4

7 APR S63 15:1:16 466I 153 7 i3d 466 535 7 i38 8.0
6 APIR 1683 6 :260:365 466 355 335 235 436 286 45 1315 8.1
i i APR iz683 6:42:52 466 2Z5 3 1 25 46-6 .7 E 125iZ 8.6
16 APR i683 iZ:42:37 466 6 16 i66 4616 6 6 168 2.2

ii APR 1683 12-:1:26 467 Hi i7 2602 465s 16 is 2803 2.8
6 APR 15835 io:-7: 466 66 8 68 345 S3 i5 i66 6.7
ii APR i563 12:12:15 466 117 6 88 473 i7i 4 88 3.i
ii APR I683 8:55:45 581 324 3 1,20 368 130 6 132 3.8
12 APR 1683 16 :46:12 584 166 4 188 338 88 8 118 3.7
i4 APR 156:3 i6:16:45 564 68 iI 8 4 3735 187 4 Si 4.7
8 APR 16853 i7:23:4 567 i1728 S 8 2 466 121i 6 61 -.2

20 APR i 5683 1 3:32: 31 56 74 26 i56 588 74 26 156 4.
24 APR 163 21:3:48 588 78 16 i76 588 78 16 175 7.6
25 APR -O2:56:31 568 i41 :6 134 462 i88 7 i39 4.3
3 APR t 7-8 3 4: 35: 11 686 6 2 183 413 77 25 26 0.6
ii APR 1583 i,7:0:22 sto 43 16 82 5iO 43 16 82 6.1
12Z APR I16-8 3 16:58:25 S0 62 2 1i38 511 62 21 z i36 3.8
14 APR I 683 I b:: 512 25 4t ; 4 28!6Lt t .j 4.J

26 APk i563 7:23:52 513 284 4 135 513 284 4 103 8.6
8 APR 165E3 1: : :~ 5- 14 6i 8 631 32Z7 E6 4' 73 -.2

24 APR 1583 ::S6 515 42 2 2 1 87 2Zn.

8 APR f46 7:43:36S 516 2780 4 386 431b 61 SO 321 6.3
12 APR 1 683 14:44:44 S17 SG 2 6 Z67 S1 66 Z6 267 6.4

A;- AR I -6 S:17:ii S17 78 s 162 511 i 17 162 3.8
~~ ~ ~~ 518 373 i .

' PR 68 Z-66lv ill 67 268 3.S~

ii APR 14683 12:E8VI 2 1 22 61 7 3 8 162 3 -S E5 -- 20

1' APR 153 8:2 :261 £522 867 3 67 ZS 3 8 : 6
mpR t 1rr 5 Z 2 6 10 e-I



NORTH CHUKCHI WINTER 1983

DmTE 71mE Pm MI I AI F F n. Z~ pm-7A F~ v.L

6 PR:63LL-m~14 433 121 16 234 -. 3
26 APR 6S63 4:iz:7 6666 3 7 2E 6 13 7 bb

:2 APR 14-8: -7:-:l S2 SZ I It 31 331 1 6 lie
i4 APR :663 16:6:26 526 66 12 i06 476 77 13 l'06 4.3

2: APR( IS8 s3 6: 1 626 126 a i26 6 i726 6 12IN 7.6z
26 APFR i663 2:27:-7 S- 62 43 23E 666 SS 36 2a7 6.7
6 APR 1663 :::1,::' - 7 21: 3 76 S17 16: 4 7i 5.7

44 APR is63 -- ~27 34 64 3Z 2'63 326 63 36 2-66 4.
i2 APR i563 iE:11:6 541 66 57 346 463 S5, S7 3Hi 4.S

3 AFR izH3 0:4i3:ii S6 3 2,66 2 77 S43 266 2 77 6.0
26 APR 15- -3 18 :247:a3 54S 106 6 63 Z3 66b bb I4 113 6.

i4 APR 1583 iG:0::3 547 i65 :3 275 547 16 i3 2-763 1.6
6 APFR 16E3 5:Zf:3 E: S~ 16 21isZ6 300 i37 i5 232 4.4

24 APR 16683 i6:4:37z C-5 36 36 i62 E04 46 36 i6Z i.4
24 APR i563 Zi:47:2;4 Sf 66 i S 11 536 46 36 161 I j.4

6 APR i563 iG:37:4a4 553 116 6 57 Si8 i78 4 66 -. 3
6APR i663 i2:Sa:37 S54 43 46 216 26 : 4 26 .

12 APR 1663 i :S 8 S56 S4 S 12 Z 1 Z6i 7 15 (36 3.2
6 APR 1 s6:3 17:42:33 667 66 1 1 23 636 i06 ii i34 -. L
6 APR 166E3 ltSzE 66 76i 12 i47 666 76 12 147 -. 3
is APR I1-63 12 :36:46 666 i26 6 117 261 SS 26 5 72 3.

t3 fPRt 1663 Ib:6:tb b66 44 37 I 64 336b 4t36a b I6 .d
6 APR 1663 7:S6::6 6 143 6 SS 3470 240 5 1 4.0
it APR I 6Z3 8:60:37 56i 61: i 76 4357 66 2 224 4.5

Ii APR 1563 13:36:4 S6t 76 17 i43 616 103 14 1556 5.
24 APIR :663 2L3:4:4i 666 34 4i 166 3E-6 43 46 I66 6.
6 APIR i563 16:36:42 66 74 17 14i S42c 76 16 (62 5.6I-
6 APR 1663 ii:23:56 671 46 26 1 26 666 46 26S 136 5.2
is APR ia663 iZ:S0:i6 673 71 i3 66 33i 63 16 126 3.4
is AP-R 1s63 12 :3 9:2 6-. 76 5-6 43 262 66 c 7 66 45 264 3.2
6 APR i583 i7:66:i6 576 i35 S 627 467 76 260 i77 -. 2
l2 APR 1663 f6:i4:26 676 62: 67 371 463 74 66 436 7.
6 APR 1683 i7:58:46 677 4i 21 1:2 221i 41 34 (46 -. 5
.1 6PR 1663 6: 4 i:6 I cS5 66 31 261 466 56 33 264 6.1

12 AiPR 563 26':34:7 S6o 16s S 134 686 169 S 134 4.7
Is APR I 66 83 13:17:26 Sat S1 i Z 1l3 661 Si 2:, 113 S.7
24 APR i583 i4:10:32 662 66 26 :66 366 62 23 2N6 6.4
24 APR 1663 21':46:13 66 6 43 :4 66 36 43 164 S.4

26 APR 1663 :6:6:. 25 S i43 663 62 21 :63 4.0

ii APR :663 ii:28:.3 SE 66 i4 166 426 166 16 216 6.1
iti APR i663 6:66:i6 66: 64 36- 1121 64 J75 : 7.2
24 AP163 5:12:35 663 a6 17 66 345 26 74 z

6APR 1663 1824 S-4 165 6 EO 424 :67 3 :.5 -. 3~
14 fAF i:e 18:1:0 66i7 iS7 4 51 S- 260 4 62 .*.

4:4 APR i4-63 I:4:1-7 S-4 23 43 103 36d iZ 6dI~ .4

:3 t, AP :63 t:2I::4 t)6 :7 7j III I6 I6 L0 ::O7 3.:II I
if APR 1:663 6:S6:43 660 :6 3 6 7 >3 4 6 1!6 5.

,4 APR :66e3 i7:-z6:iO 663 7 P E 4 6 17 7~ 1 :- i8 3.1
14 APRl :6b.3 l:::46o L6 6 6 564 16 IV) 66 7.

14 A PR 1663 1 : :-:C --,j S& ' Z T .
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NORTH CHUKCHI WINTER 1983

DATE T I h E Pri PA: A:6 Fi P m1 2- PAZ P2 2 F VEL

Z4 APR 1563 ia:57:12 605 Z 16 4 IV :6: --' 43 116 Z. 7

260 APR 9633 1 Z::5 a:5 607 35 j2 15 4 d 41 34 i74 7.i
13 APR IIS63 O:i5:37 606 176 5 1739 45: 54~ 23 i47 S.3

Z4 APR 1963 20:56:7 622- 15E1 I: I I 622s ii I s4a .4

1 2 APR i563 i0:45:3t 7 Zi 7 1 107 62 6.20 :53 4.0

is APR 1563 i3:i:43 K7( 86 9 102 lZ 77 SS 13 1 7Z 4.2;

0i APR i963 6:ES:18 629 E7 0 i63 607 4 0 Z 2 i65 6.9
I Z APR :963 15:45:26 632 632, 1 104 621 62:. 1 108 3.S

a APR I993 17:23:42 6375 6 3S I 66 63 5 635 1 166 -. 3

AP lz 3 10:1: 5 637 f S 6 i30 56: 3ZI 4 a~ .

6 APR :563 i6:6:44 64i 357 2 67 641 3)57 f2 67 -. 3
16 APR :963 i3:0:54 6527 S5 i3 I0 651 Z-E ia 4 197 2.1
27i APR 1963 iO:aS:a7 659 259 6 i735 563 65 Z7 186 5.4
25S APR IE63 18 :2Z9: Z 66i 7 7 16 130 4 1 i21 il 147 4.7
276 APR f583 7:2:3:47 661 151 6 105 620 56 i6 106 9.3
)I APR :963 10: Z0:a 662 135 I 6 I vt V4 I 19 b 140 5:.z
ii APR :563 6:55:25 666 iOS 16 i91 6ii i16 14 1952 6.6
12 APR I963 16:o:s9 666 43 54 2 7 5 483 54 55 311 7.7
24APR iz963 16:35:50 669 i24 6 i26 429S 107 S 129 4.2

ii APR i583 ii:57:tO 677 :3 6 f(2 7 430 55 :2 '4 1S 6.6

12 APR :963 i7:47:Si 660 65 55 377 660 6S 5S 377 6.5

8 APR 19683 i7:42:42 68511 ii i :43 66511i I :1 43 -.

27 APR 1583 6: 25:5S 665 37 36 147 566 3S 36 155 1.6
ii APR 1983 12:43:34 63 z:5 i8 0: 2,26 6z i65 ii 22Z6 7.4

5 P 9i63 16:127:32 696 i.23 1 2 160 696 I Z3 i2 :60 9.7

25 APR i583 21:11:58 700 80 2i 160 700 60 2i1:60 ii.4

6 APR i963 i6:3:59 703 116 i6 2t3 567 3 )4 i4 2i6 -.
20 APR 1963 13:S: 55 706 85 26 232 36 633 : .

124 APR 1583 i:S:S:7 706 S4 Z27 15-6 473 45 3: :6 0 2.=

It APR :963 I : Z- 3: 3i 71S 4S 12: 19 71S 4j Z1 IuS S.

24 APR 1963 16:20:iZ 715 i47 9 :4S 47)5 :67 6 ISO 6.6
is APR :963 13:iZ2:42 7:6 1274 is 245 713 126 2 4 3:9 6.7
a APR 1963 i6:24:iI6 739 55 iS 4 277 643 163 iS -7- .

is APR i963 i3:S:S6 74i 66 i4 :3: 432 92 34 3297 4.S

125S APR 1963 16:276:23 745 60 2 5 2-:12 745 60 Z25 2:12 7.'o
S APR :963 :0:42-:54 74S 65 46 325S 74j 65 46 -77 .

25 APR 1963 i6:4S:17 756 44 4~2 1:S6 534: c4 b 233 3.3
6 APR :983 17:41:16 762 :6 : 6 203 565 :276 17 238 -. 2

2 5 A PR :96s 83 1::24:i6 76i 96 :5 1 :, 45i 64 :6 :4a 2 5.3

24 APR :9683 17:50:4 7E3 : 3S :6 260 76: :36 :6 22 3.3
6 APR :963 18:24:21 767 113 2~ 2 66 563 iii: 0 274 -. 3)

14 MPR :96E3 18:27:-75 74-6 246 4 :26 753 206 t I :56 b.4

20 MPR :963 13:37:12 796 :60 7 135S 696 :63 6 175 6.5

iAPR 1563 6:55:35 7995 20- Zo 69 75 :66 1:S74 4.4

6 mPR 1563 :6:::E9 60 2 S 4 21 04b 6b 3: I2L2 -.3
is M PR :9-63 1 : 1:3 636 100 b 6727 6d 44 3t4 9.

19 6A;R 19 p-,:: 3 ,A66 j 24 -6 6S' 4 22 4.4

2 S mlPR 1 6 3 -' :3 :oES- 14 :- -- 1-i:6 6.4
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NORTH CHUKCHI WINTER 1983

QATE TimE Prml PM1 I Fi pmr2 tm 1 v2 F2 vEL
M tPR ,S3 :05 1 3:3 566 3o 3 215 745 410 4 227 -. :

8 MFR GO: 1: :27 07 1i4 16 21:4 07 114 i6 214 -.3
24 APR 103 0e:3 : 9: 41 41 7? 524 G5 B lS4 4.1
11 OR ,03 00:0 1006 160 10 2: 740 323 5 234 2.S
24 mpk 1163 MO:M:3 ME; 05 17 225 656 200 12 251 3. Z

II MRR I96 u:0 Oil 206 14 did 6az 10 1 60 ..6
14 aIR :5E3 15:8:0 O40 SE i7 76 Sao0 E 23 219 10.3
Za AP :S3 6:'i:EE 1141 Q73 M7 491 114f 073 27 491 7.8
8 APR i963 07:2032 023S 76 33 269 =04 94 3S 347 -. 3

GS APR NO8 KOM:5 QQ4 30S 7 Z39 548 M0 28 254 S.6
20 APR 0583 13:6::8 MS1 496 6 4i1 ESS 209 20 443 3.2
8 APRt fSE3 f8:35:33 1327 325 7 260 O32 325 7 260 -. 3
8 AFR 1583 M7:O2:M 14 261 9 254 1273 343 7 273 -.2
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ANTARTIC SUMMER 1984

,.imTE T~mE Pmi Frti Ai Fi Pni2 PM2 i27 F2 VEL
17 JN 1584 t7:30:54 139 70 7 5: i 1S 45 )a 66 4.2

12 JtN 1584 17:Z6:9 :5z 41 7 30 123 42 17 75 3.5

12 jHN 1 6 4 16:52:25 1-54 2 I 57 1 5 M4 :3 60 1.8

11 jrlN 1584 16:51::8 i:5 56 8 47 143 81 6 51 1.5

12 JhN 1984 16:33:9 173 37 42 141 164 32 43 i44 5.8

12 JMN 1984 17:27:i2 i75 63 16 106 175 63 16 iO 4.3

12 jtrN 1584 17:28:36 177 42 14 62 77 26 23 63 6.6

iZ JHN IS84 16:45:1 178 22 33 76 178 22 Z3 76 6.5

12 JHN 1 54 i6:27:44 184 45 15 71 171 49 26 i34 7.Z

12 jN 1:8 4 17:31:53 188 61 13 83 :28 5Z 23 12 4.8

:Z JHN 1964 17:24:44 195 27 26 74 165 47 2j Il)4 1.7

1Z jMN i584 17:26:47 i453 8 i5 44 1-7 63 9 59 7.1

:- Jt N 1584 16:32:41 194 28 35 11i5 (64 30 34 107 5.3

i2 JH lq 84 17:31:j (54 2Z 23 53 62 3Z 24 8 4.1

I2 TN 1 54 17:75:15 155 55 (4 87 t74 49 22 f(3 3.2
17 JHI' 1984 !6:31:3 196 46 16 77 :95 47 i8 89 5.6

12 jil 1564 16:5i:40 196 22 35 9 :7Z 27 44 iZ5 i.0

!3 J61\ 1964 4:19:38 i57 44 7 32 iS4 55 19 H10 7.5

1- J6N 1964 16:3Z:7 i58 106 6 67 !73 75 I9 145 5.9
(2 TjN I584 17:26:2 198 68 i8 7i i79 66 i iS 32 3.8

12 JHN 1(564 16:48:30 199 30 25 79 103 22 42 57 6.7

IZ PJ4 i584 18:34:45 ZOO 48 (4 71 169 46 16 77 7.7

iZ JtN :584 i6:25:59 202 63 IZ 75 20-7 63 (Z 75 7.4

iz Jr 1:364 17:25:41 204 26 Z6 7i i14 31 23 75 3.0

i2 JrN 1:584 16:48:i 204 31 21 68 i4S 31 44 143 7.0

iZ jtrN i:584 16:70:57 287 3i i5 45 96 44 21 57 5.4

IZ Ji :984 i6:26:24 288 23 31 75 28 23 3i 75 7.2

1Z JrN 1984 :6:29:42 208 64 i: 67 162 5 i9 (00 8.9

12 jhlA i584 18:34:6 209 49 il S7 IS 47 25 IZ3 8.0

12 i \ 1564 18:56:9 209 36 Z7 102 185 64 34 Z28 7.3

:2 JA1 [58- : 7:3:30 Z2( 50 15 79 194 65 13 89 4.0

13 J N :584 5:2:58 212 51 9 48 144 30 ZI 66 5.9

12 JN 1984 17:31:41 213 76 13 104 i59 54 24 136 4.4

IZ JHN (984 t6:25:48 217 49 i4 77 126 47 Z 104 7.7

12 JriN :984 17:3V)21 27 45 22 104 217 45 Z2 (04 4.Z

:2 JHN 1984 18:t8:7 217 34 I 35 108 27 (8 SI 6.8

12 JrN :184 18:46:50 217 33 28 97 196 35 29 (06 6.6

i2 JHN l584 16:48:45 21:8 30 3 41 13 25 47 123 S.1
(2 JHr 15E4 :6:3:-35 219 64 (9 28 219 64 :9 128 5.5

12 JN :584 18:41:47 228 27 30 85 157 39 Z9 1S 7.1

12 JHr4 1554 23:25:35 22: 36 It 45 :0 24 32 Of 7.Z

1 J.1 58; :7:.Z:0 222 5z 16 5 Zzz 5Z la 96 4.9

IIZ JA 13,74 :6:25:25 224 40 14 59 224 40 !4 59 6.9

12 JlN 1584 16:24:34 226 53 6 33 52 25 21 55 7.1

12 JMN 1584 17:28:55 2Z7 61 If 70 ZZ7 6i ii 70 6.4

1Z JrtrN 1584 i8:55:Z5 227 67 3 27 ":1 41 3( 133 7.5

12 JHN 1564 17:31*9 ZZ8 37 27 105 135 38 9 116 4.5

12 JHIN 1984 17:26:37 229 67 i3 9 150 53 22 122 3.7

:2 irij :8 4 6:29:38 2Z8 22 24 55 Z0 22 24 55 7.4

iZ Jm4 1:564 6:30:ZO Z:0 49 523 118 20 49 23 ::8 6.2



ANTARTIC SUMMER 1984

OTE TinE Pm Phi A I F P mZ Z F2 VEL
IZ JAN I964 17:29:47 231 55 i2 69 14S Si 23 1Z3 S.Z
Z jt 19.84 17:3Z:a7 23i 45 24 123 20 48 25 126 4.2

12 JMN 194 i9:1:26 231 90 19 i79 205 9H t8 i87 6.7
12 JAN i964 6:32:14 Z 3 Z 36 2 S698 :3z 3 26 3 5.3
i2 JAN 1964 16:31:57 Z34 56 18 t'G IS 68 i7 i2i 5.3

12 JAMN I564 t7:15:34 234 42 8 35 142 33 17 C5 3.f
I2 JAN I964 17:26:27 234 152 Z 32 I 56 5 88 4.3

12 JAN 1964 16:41:26 Z35 i7 7 86 ZIZ 53 17 95 6.6
12 JMN 1964 18:49:16 235 23 28 68 164 32 26 94 6.8
12 JAN 1964 16:53:46 237 62 9 59 Z17 S7 i0 60 6.3
1- JAN 1984 i6:3:40 238 46 20 97 167 55 ZZ i27 5.6
12 JHI 1984 18:28:46 3-8 38 i2 48 i52 21 Z7 59 7.8
12 JAN i984 16:39:10 Z36 74 9 70 i33 40 29 172- 6.6
IZ JAN 1964 i7:30:ii 239 46 17 8z (30 5Z I9 104 4.4
IZ JAN 1964 18:49:1Z 739 46 18 87 Z32 74 13 i01 7.0
iZ JAN 1984 f8:54:34 240 i06 6 67 i30 33 2 69 7.3
12 JAN 1984 f9:36:12 2'41 SI 7 144 7 144 8.0
1Q JAN i984 18:41:14 242 69 iS io 24Z 69 iS jo9 6.6
12 JAN 1964 16:30:52 244 49 17 87 186 6Z 17 UI S.Z
i('2 JAN i984 16:48:i9 244 Z9 35 i06 134 2= 49 129 8.1
IZ jAN 1584 18:46:16 244 56 ZZ 134 Za4 58 ZZ (34 6.5
12 JAN 1564 18:53:7 244 5i 8 43 10i 29 4f 125 5.8
12 JAN 1984 i6:59:43 244 46 I 76 i70 34 30 107 6.6
12 JAN 1984 f8:58:16 247 44 Is 69 (80 49 Z! 108 6.Z
12 iAN I99 16:52:I0 248 90 i3 123 248 93 "3 46 2.2

I2 JMN 1984 17:26:53 248 94 3 30 125 42 I 953 4.4
12 JAN (964 i8:2i:4 2a8 74 5 39 Z33 33 !9 66 7.6
IZ JAN 1964 17:32:19 249 45 ig 90 245 45 (9 50 4.2
iZ JAN 984 18:50:41 250 51 29 155 197 SI 34 i82 7.2
24 JA:i1 584 16:32:26 252 38 23 92 18( 63 16 i06 4.9
IZ JAN 1964 i8:45:17 252 93 6 59 161 49 22 I3 7.2
1' JAN 984 18:56:2 253 47 Z1 I04 164 52 ZZ I(2 6.5
iZ JAN 1984 16:27:28 254 47 20 99 ZZO 5z 20 i09 7.2
(Z JAN 1984 7:27:53 255 105 3 33 141 45 9 4Z 5.2
iZ JAN i94 i8:40:4- 255 62 17 I1 228 39 30 1Z3 6.5
(I JAN 464 18:33:43 2S6 67 26 i83 Z56 67 16 163 7.4
IZ JAN 1984 18:47:37 257 80 7 59 257 60 7 59 7.6
IZ j6N 1584 18:50:56 257 67 6 42 Z16 88 7 65 7.1
12 JAN 1984 18:55:45 258 59 23 142 258 59 23 142 6.3
1Z JAN 1984 18:5i:50 259 59 16 99 180 54 18 iO 7.0
12 JAN 1984 17:Z9:22 260 80 7 59 259 89 7 65 5.3
12 JAN 1984 17:33:13 260 54 II 6Z 167 4i 16 69 5.4
IZ JAN I184 23:26:6 260 75 13 i02 223 90 ii (04 4.8
13 JAN 1564 3:37:29 260 IZ7 3 40 i85 62 19 124 6.7
12 JAN 1564 18:22:2i 262 27 25 71 160 22 40 92 5.8
Z J6N 1984 16:25:6 263 48 8 40 85 2Z 35 8( 8.0

It JAN 1964 17:31:30 263 138 4 58 1.0 48 19 96 4.6

12 JAN 1564 I7:25:56 264 46 i 9 6 164 56 24 141 4.0
13 JMN p9-4 1:35:7 L64 42 36 59 264 42 36 59 9.3

12 JAN 1564 17:3t:u8 7E5 61 2 123 207 59 22 136 4.7
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ANTARTIC SUMMER 1984

DATE TImE PFn FAI hl F: Pn2 FAZ AZ FZ VEL

i2 JAN !984 i18:5i:5 266 73 4 31 Z27 46 32 :61 7.0

i3 jmr :964 6:40:16 Z66 36 Z0 76 266 36 20 76 6.4

iZ JAN f564 16:4:39 Z68 359 9 37 246 37 19 74 7.Z

14 JAN 1964 19:0:18 268 55 18 1'0 268 55 i 104 6.3

iZ JAN 964 15:0:32 268 44 2S 134 175 79 20 :66 6.4

!3 JAN 1964 Z69 25 57 57 z65 25 37 97 8.5

:2 jMN 1984 18:Z1:49 27i 54 12 68 133 34 39 139 7.4

1' JAN 9e64 19:1:14 17: 23 31 75 226 27 33 95 5.9

i5 JAN i964 5:21:53 272 35 27 4a 272 35 27 99 5.4

I2 JAN 1964 i6:26:55 273 58 4 4t 167 53 :5 63 6.6

12 jAN 154 i7:30:39 275 49 14 77 i29 4i 20 86 4.7

15 JAN i984 4:56:10 277 3i 12 72 274 55 2z i27 8.5

f2 JAN i964 18:46:6 Z78 46 20 97 Z78 46 20 97 6.8

13 JAN 1984 i:3:8 278 4i 14 6 152 46 27 i30 8.1

13 JAN 1964 2:32:37 Z78 35 16 C9 239 55 12 65 6.9

i5 JAN 1564 1:3:44 260 66 7 46 163 45 2Z i(3 7.9

12 JAN i984 18:23:37 762 66 4 36 165 66 15 i04 8.1

I2 JA 1964 i8:43:36 282 118 3 37 124 24 26 65 7.4

i3 JAN 1984 1:40:32 26 60 9 76 205 74 16 i24 6.Z

12 JAN i964 16:32:34 283 40 Z5 105 179 51 Z5 i34 5.0

lz JAN i964 18:55:40 283 47 30 148 283 47 30 i48 7.5

IZ JAN 1984 (9:1:32 283 69 9 65 154 43 Z3 04 6.5

13 JAN i984 5:19:34 263 37 31 IZ 283 37 3( (Z0 8.3

13 JAN !S84 6:59:26 266 33 13 45 253 30 18 57 6.7

I: JAN i:94 i8:15:25 286 Z68 30 279 40 36 51 6.4

i? JAN 1584 18:46:57 288 i24 i3 165 223 69 24 j74 6.5

IZ JAN 1984 17:32:11 Z69 65 16 i19 289 65 16 109 4.4

(Z JAN i984 16:43:5 289 43 i5 66 289 43 15 68 7.5

i2 JAN 1584 23:41:24 289 93 7 68 169 359 5 102 7.0

i2 JAN 1964 16:44:45 Z5i Z01 z 42 174 27 20 57 7.7

12 JAr 1964 16:39:39 292 40 13 55 186 67 20 14f 6.4

1Z JAN 14564 6:SZ:4 25Z i16 5 61 2Z it6 5 6i 6.7

i12 JAN 1984 i8:57:42 292 Si 17 Si 16: 42 30 132 6.7

13 JAN 1984 0:1:45 292 56 27 i59 292 56 Z7 i59 8.3

i3 JAN 1964 0:42:44 292 75 9 71 i15 46 19 9z 7.7

13 JAN i984 i:20:13 29Z 38 24 96 292 38 24 96 8.5

12 JAN 1964 16:26:3 253 46 14 68 I15 53 23 128 6.7

13 JAN 1984 1:56:3 293 65 Ii 75 203 67 1Z 64 4.3

:2 JAN 1984 18:47:c5 294 64 10 67 133 51 Z (11 7.1

1Z JAN 984 3:j . : 7 254 :30 5 66 158 41 19 82 6.7

t3 JAN 1964 0:58:54 295 31 31 101 165 36 34 136 8.8

13 JAN 194 z:Z:48 295 64 7 47 171 41 21 90 6.3

13 JAN 1984 2:35:45 4 - 2 1 83 262 91 10 95 7.1

12 JAN i984 23:42:4 296 56 i2 71 11Z 30 30 a4 5.8

12 JN j964 j5;44:12 297 297 I 31 153 40 18 76 7.6

(Z JAN 1964 ZI:26:43 298 84 6 E3 204 55 18 104 6.0

13 JAN i984 Z:15:44 258 48 7 35 267 53 ZZ 1-7 5.3

IZ JAN1 194 16:45:30 299 66 9 62 170 49 22 :13 6.3

12 JAN 1984 18:53:1 ZOO Zo 40 84 380 120 40 84 6.1

12 JAN 1984 IE:Sa:,Z 301 77 12 97 :06 al -7 1:6 7.1
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ANTARTIC SUMMER 1984

DATE TimE PnIg F61 6 Ft Fnd' Pr2 AZ F) VEL
IZ JAN 1564 (7:35:3 302 49 Ii 57 130 36 16 60 5.8
13 JAN 1964 4:58:50 302 77 7 57 30' 77 7 57 5.5

12 JAN 1i64 18:Z7:53 303 4 9 60 303 64 9 60 9.6
g2 JAN 1984 i8:35:1 303 56 is 88 209 44 20 52 7.5

13 JAN 198 5:E:7 303 29 28 85 303 29 Z6 65 7.8

iZ JAN 984 i8:ZI:24 304 3i 29 94 304 31 29 54 7.3
12 JAN 1"4 :5:2:4b 305 50 36 189 305 50 36 189 7.5

13 JAN 964 2:38:,i 305 31 22 72 226 43 30 135 8.3
It JAN 1984 16:44:55 306 3086 I 3Z 746 ES 6 35 6.4
12 JAN !984 i8:S6:16 306 44 Zi 57 203 75 2Z 173 6.5
1Z JAN 1964 2i:5:17 306 60 9 57 190 36 i8 68 7.1

13 JAN I584 7:Z7:i8 308 93 II 107 308 e3 II i07 7.8
1Z JAN 1584 18:15:14 309 46 12 58 183 48 (3 65 6.Z

it JAN 1564 18:32:28 309 ZZ 28 65 87 26 29 75 7.8
12 JAN I584 18:48:33 309 39 24 58 174 28 34 OO 7.2

iZ jAN i584 19:Z2:45 310 74 9 70 274 33 Z8 97 6.0

12 JAN :984 19:27:48 3ii 85 12 107 .23 60 i8 1i3 8.3

12 JAN 1984 :9:18:33 3(2 41 13 56 i23 47 i8 65 7.6
i3 JAi1 1984 2:33:7 313 39 Ii 45 240 69 ZZ 159 7.Z

(Z JAN 1984 17:25:17 3i4 70 Q2 88 Z64 27 35 59 2.4

!3 JAN 1984 1:46:2 3i4 %71 II 82 314 71 II 82 7.0

13 JAN IZ84 2;31:35 316 50 18 54 2;2 68 14 (00 7.6
13 jAN 1984 4:58:2 3i7 42 21 93 202 39 Z 58 6.2

12 JAN 1984 21:28:55 3i 74 I0 78 ZZ8 65 f3 69 Z.6

!3 JAN 19854 1:38:5 320 33 Z0 65 177 69 20 i45 7.6

12 JAN :964 16:33:i6 32i 41 9 39 i60 37 42 :63 8.6

(3 JAN 1584 1:27:0 32i 69 (2 87 (53 67 i4 98 8.5

12 jAN 1984 18:58:54 322 140 4 5 221 68 17 121 6.7
iZ jAN 1584 i6:12:36 323 Si 8 43 314 62 7 46 6.4

i3 j6N 1984 5:40:3i 323 44 25 I(s i62 54 31 176 8.6

13 JAN it84 6:57:8 3K3 7 6 44 323 70 6 44 7.5

i2 JAN I984 18:35:3i 3Z5 53 14 78 325 53 14 78 7.6
iZ JAN i984 18:33:33 326 75 9 71 Z34 5Z 31 (69 8.3

iZ JAN (984 18:43:55 326 39 32 i31 326 39 32 i31 7.2

.13 JAN 1964 1:47:Z3 326 40 17 71 314 108 10 113 6.7

:2 J6N 1984 (6:48:2 328 47 25 123 97 27 44 1Z5 10.4

13 JAN :i54 1:38:30 3Z9 329 I 35 72 39 18 74 7.0

13 JAN :984 3:54:29 329 59 (4 87 3Z9 59 (4 87 6.3
13 JAN 1964 6:56:25 329 44 14 65 252 29 27 82 9.1

IZ JAN 1964 19:f:4 530 87 8 73 140 38 20 80 6.0

13 iAN (984 1:38:70 330 73 8 61 221 IZ i 129 6.9

(Z JAN :984 18:46:40 332 60 6 38 :9Z 29 19 58 6.6

iZ JAN 1964 18:44:10 334 48 31 156 Z68 83 22 152 7.4

13 iAN I984 2:29:47 336 ili 7 82 336 (ii 7 8Z 7.5

13 JAN :984 2:37:24 336 53 1i 61 336 53 II 61 i.2

i2 JAN 1984 18:20:41 339 78 5 41 177 28 Z 6Z 7.8

13 jAN :94 :50:43 339 70 9 66 31S 49 32 165 7.7

13 JAN 1984 4;47:58 339 339 I 36 179 35 18 66 7.Z

i3 JAN :964 5:42:16 30 68 16 l14 Z43 61 8 115 2.4

I2 JiN 984 18:56: 43 3LI $8 14 5 Z47 4: 23 101 6.4
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ANTARTIC SUMMER 1984

0MTE TImE Pni PAi hi Fi PM2 PAZ AZ F2 VEL

12 JAN 1584 18:55:4 34i 70 14 (03 182 75 :8 142 6.4

(Z JAN 1464 20:46:Z6 341 5i 20 107 269 41 25 i0 6.7

13 JAN 1984 2:2:42 34 27 25 71 H4 50 17 69 8.3

15 JAN 1584 4:45:55 34i 73 5 68 140 27 40 113 .

13 JAN 1584 1:46:53 342 51 14 75 306 44 iS 68 6.4

13 JAN 198 2:32:46 34Z 65 S 47 141 35 25 5 7.2

13 JAN i584 2:3i:21 343 6i 6 Si 207 58 (9 i16 8.0

13 JAN i954 3:45:2S 343 Si I2 6' 3 5 i2 a .

13 JAN i584 3:49:24 3'3 45 Z4 13 343 45 24 li3 6.7

12 JAi1 1984 (9:56:35 34aZZ 33 76 Zi5 54 18 102 6.3

13 JAN i964 5:i1:i 3,S 43 17 77 16i 33 32 Iil 8.1

12 JAN 194 18:45:42 347 468 46 23Z 268 5Z 44 240 7.1

12 JAN 1584 18:47:i2 348 25 i8 56 348 Z9 io 58 6.4

13 JAN 1984 1:4:54 346 38 1 64 245 43 ZI es 8.6

13 JAN 184 0:43:30 349 55 12 74 i4i 27 30 85 7.9

(3 JAN i984 2:33:22 345 65 i3 85 i66 34 35 25 6.6

13 JAN 1564 5:iO:43 349 78 7 57 Z32 75 Ii 87 7.3

13 JAN 1564 i:25:36 350 62 10 65 (98 57 (2 72 8.4

13 JAN 1984 2:25:14 35i 100 9 4 276 27 34 86 7.8

13 JAN i984 5:i7:Z 3527 58 16 97 35" 58 16 57 8.6

i3 JAN i584 2:2:2, 353 49 15 77 241 43 28 126 7.0

12 JAN i.84 (8:48:15 35:5 3 iS 54 !72 40 Zi 86 6.8

13 JAN 1964 2:25:56 355 i70 3 54 i83 56 if 65 6.4

15 JAN :884 3:25:2W 356 54 8 45 25i 57 f4 64 8.6

13 JAN 1584 5:40:12 356 32 2 7! 338 66 30 208 9.5

15-JAN t864 1:37:45 357 4Z 23 l01 264 59 23 142 8.6

13 JAN 1584 2:20:48 358 42 i8 84 558 42 i9 84 6.8

i3 JAN 1"64 5:23:46 358 358 i 38 8 9 48 22 113 5.3

15 JAN I 94 0:4i:46 355 i26 3 40 314 79 (5 i57 7.5

13 JAN 1584 2:26:55 355 73 i4 107 355 73 14 07 7.2

i2 JAN 1964 !6:55:16 360 37 268 i09 80 44 30 (38 7.9

13 JAN 164 f:50:35 360 50 30 i57 (78 51 34 (8Z 8.6

13 JAN 1984 1:16:43 362 39 20 82 304 48 t7 66 7.3

(3 JAN 1584 1:54:2 362 110 (0 115 346 75 iS 18 5.2

IZ JAN (564 23:21:34 363 66 i7 il8 303 80 i6 134 4.1

13 JAN 1(64 5:40:48 363 46 3f i56 i69 4Z 41 18i 8.4

it JAN 184 18:51:42 364 48 18 31 313 54 16 91 6.8

13 JAN 1364 0:Z:34 365 !87 2 38 253 5Z 10 97 7.2

i3 JAN i5864 2:34:53 366 i08 6 68 254 63 13 86 6.5

12 JAN 1964 18:50:16 567 i61 3 5i 203 64 17 i14 7.0

12 JAN 184 i7:Z8:23 368 35 23 64 335 35 24 88 7.0

iZ JAN 1864 18:44:36 371 48 39 200 371 48 39 200 7.6

12 JAN 1584 23:26:50 37i 52 17 93 527 76 16 128 7.9

13 JAN (584 2:30:45 376 145 3 47 148 51 23 1Z3 7.8

12 JAN 1564 Z3:13:41 378 i05 9 95 255 1 4 13 142 4.2

13 J6N 1984 5:51:55 378 93 5 Z 0 4 29 32 87 6.4

13 JAN 1984 4:52:56 378 50 :5 79 172 32 36 1Z1 6.8

12 JAN 1584 2i:27:17 379 65 16 105 Ze 42 27 119 4.7

i3 JAN (964 1:46:" 379 38 22 88 216 45 13 50 7.4

12 JA:v 1384 2:4Z:CS5 ZE0 47 '4 E5 :l 9 0 9.2
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ANTARTIC SUMMER 1984

DHTE T~mE Pi ptli I I Fi Pr12 FC m2 2 F2 vEL

13 JMN i96 3:55:53 360 36 16 60 116 30 Z5 79 7.2
13 jmN ,9 2:2,:50 361 52 12 65 262 43 32 144 6.7

13 jtAI 154 1 :4:52 562 133 5 70 375 66 13 17 8.5

Iz JiN e64 1l:16:54 364 33 25 100 384 3 29 100 6.7

3 jH14 1564 6 .Z 3E5 45 2Z 17104 385 -6 Z= (04 4.

IZ JHrN 96 3:7:47 3 56 e 20 i6 367 56 20 H18 7.1

13 jH4 564 1:58:a7 387 i43 5 75 274 104 i3 142 7.5

13 Jmiv 184 2:24 589 73 6 61 iSi 57 t3 78 7.6

12 JhN 964 22:0:9 390 53 18 (00 266 55 2i 171 5.3

iZ jAN4 96a 16:44:19 39i 47 21 104 Z07 38 38 151 7.7

12 i\i 984 35I:6 391 47 20 99 264 59 33 204 6.4
13 JAN 93J4 4:40:18 394 80 (2 lot 314 71 20 149 5.8

(Z Jfr' 1964 21:10:34 396 89 i7 i59 341 82 19 163 7.b

13 jHr 91484 ::1 406 77 15 IZl 327 i18 14 173 7.2

13 JN 1984 2:26:15 406 56 9 53 j64 40 17 71 7.1

12 JN 1964 68:56:56 406 6i i:9 iZ2 119 43 28 iZ6 6.6

13 JA1N 964 0:35:0 409 99 6 6Z 409 59 6 6Z 7.9

15 jAN 984 Z:4:3Z 4(3 67 10 91 240 63 29 i92 7.1

13 JAN (684 4:a0:5 415 99 6 62 239 5i 30 i61 5.9

12 JHN 954 1:5Z:33 414 i65 7 iZi 31 76 19 5 6.2

IZ jAN 1584 22:57 0i4 36 32 121 414 36 32 121 7.1

13 jHN 984 :44:53 415 243 4 5i 415 243 z Si 7.Z

13 JHN I4 4 :Z : 6 416 51 ZZ i8 416 5i 22 e (H 7.7

13 j.:, 1964 2:34:4 42i 62 39 254 421 6Z 39 ZE"' 4.4

13 jAN 1964 5:Z4:12 4Z3 423 i 44 275 73 21 161 5.4

13 JdiN 1984 0:17:7 428 i04 5 55 i45 25 24 63 8.3

t3 JAN 964 1:31:55 431 953 13 127 i33 54 24 136 9.1

13 JAN 1984 (:42:45 432 3Z I 45 267 47 17 64 7.7

(2 jAN 1464 i8:59:25 438 66 IZ 83 438 66 i2 63 6.0

13 JAN4 z64 6:36:8 439 82 9 77 247 S9 Z 130 4.4

13 JAN (964 Z:35:56 440 56 3f 176 3Z4 75 34 268 6.7

12 Ji1\ 984 20:46:56 441 44i i 46 260 62 i5 96 7.7

13 jrN 1964 6:36:44 444 444 i 47 424 78 15 123 4.1

13 J, iv 1984 2:51:47 460 52 23 i25 460 52 23 125 7.7

13 JAN 584 0:41:53 461 33 25 67 126 26 34 100 7.9

IZ .AHi\ 164 19:18:47 464 53 I5 83 279 42 20 68 6.0

13 JAN 564 1:43:14 467 63 13 86 275 55 20 ItS 8.0

13 J6N (964 5:12:43 473 168 5 95 356 119 6 I00 7.9

12 jHA 1584 19:35:3 464 57 43 257 484 57 43 257 9.8

13 jM, 1964 0:57:54 484 40 20 64 313 66 18 iZ5 6.3

13 IN 984 4:54:50 489 45 34 (61 469 45 34 16i 9.0

13 JA,1 1964 0:54:15 494 68 10 71 406 57 i7 102 5.Z

13 JN 1564 0:46:32 456 496 i 52 433 53 22 12 5.5

13 JAi 1984 0:40:11 497 67 9 63 2e6 38 27 s08 7.5

13 JAN 1964 f:4:3 500 170 4 71 265 67 19 14 7.6

13 JA 19 4 0:58:5 S06 56 22 34 506 5 Z 2 134 6.0

13 JM N 1964 4:-6:3Z 5i4 52 Z7 147 5145Z Z7 147 7.7

13 J1,4 1964 0:54:42 578 58 :0 122 0 62 i9 124 3.8

i3 Jmv4 Z964 0:5:84 537 48 Z7 136 452 50 26 147 5.7
-Z'A- 3, 8 Z,9 44 37 171 7.5
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ANTARTIC SUMMER 1984

O6TE TIME PMI pti MIl Fi PnZ pfiZ h2 F2 VEL

i3 j6N iS64 0:56:45 550 55 i9 Il0 505 49 24 i3 6.0

13 J6N 1984 7:14:6 =55 533 i 58 67 '6 29 75 8.2
13 JMN 1584 O:5:37 564 7i 20 i49 491 60 24 15i 5.1

13 jTN i084 Z:17:35 564 S6 8 si 564 96 8 81 9.l

13 JN 1984 5:9:44 580 560 I 61 Z78 70 1Z 88 8.8
13 JHN 1564 0:55:48 582 59 17 W0S 170 62 18 117 3.5
:3 jtm N 2:i:8 588 37 Z9 H13 5Z8 31 37 120 6.6

13 JAN 1584 5:1i:Z7 56Z ci ii i:5 447 68 17 W87 6.1

13 JHIV Iu84 5:20:51 554 57 Z3 i38 594 57 Z3 t38 9.3
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BEAUFORT SUIIMER 1984

0 E TIME Fmf pFl hl Ff FMZ Friz 62 FZ vEL

18 NOV 154 i5:8:77 67 i 23 27 87 1I 23 27 0.0
18 NOV 1984 i5:IS428 90 31 6 20 56 12 17 zi 0.0
IS NOV 1964 iS:0:5 si IS 10 t6 24 3 34 32 0.0

Z7 NOV I584 15:20:46 53 15 14 Z7 53 a5 '4 15 1.4

I DEC 1964 13:55:4 104 104 i 11 41 7 42 1.8

OC I564 15:3:32 '05 1 6 26 105 f3 16 22 2.4
D DEC 1584 i3:2,:10 ito 64 2 13 60 15 26 41 2.4
DEC 1584 13:45:38 Il II I I I, 55 7 6 12 .0

I DEC 1984 i3:50:Z0 f17 20 ' 25 57 i 25 25 0.0

18 NOV f984 13:7:35 126 3i s 16 81 20 13 27 0.0
I DEC 1984 13:54:48 127 20 4 25. 10E i3 26 35 Z.3

Z7 NOv 1584 17:14:23 i30 130 I 14 37 9 3( 29 Z.1

18 NOV 1984 (3:I5:10 134 1Z /1 26 128 IS 17 27 0.0

i8 NQOv 5 84 10::2:3 135 35 5 18 87 Z Ii 24 0.0

I DEC 1584 13:359:8 135 3a 9 32 61 12 34 43 Z.3
18 NOV 1584 10:35:58 136 Z4 13 33 6Z 14 Z5 37 0.0

25 NOV 1584 9:59:7 135 Z6 7 5 25 6 34 21 0.0

I DEC 1984 Is:f3:s5 139 53 3 17 94 25 8 Z 1.3

I DEC 1584 i3:8:51 140 33 7 Z4 63 9 40 38 4.6

18 NOV 1984 10:41: 2 145 145 1 I 1:7 61 9 58 0.0

I DEC 1584 35:52:l 1 45 78 Z 16 142 14 13 15 0.0

i DEC 584 14:24:14 (46 21 5 20 liS 79 4 33 3.0

18 NOV 564 0:35:25 147 44 14 65 137 45 14 66 0.0

I EC 91584 13:36:4 145 Is 13 20 61 13 3Z 44 3.1
18 NOV 1564 3:1:33 IS0 14 i5 22 50 4 i5 22 0.0

18 NOV I564 ,0:35:10 152 52 5 27 147 36 27 ,02 0.0

i EC 84 (3:36:51 I S6 43 4 18 75 16 12 34 .4

S0EC 1584 13:36:18 158 70 3 22 64 10 40 42 1.5

28 NOV 1964 5:58:52 i62 359 37 it4 14 40 59 2.4

i DEC 1584 15:2:55 162 48 5 Z5 83 i5 3i 49 2.6

18 NOV 1564 15:8:1I 165 i4 28 41 65 14 Z8 41 0.0

Z7 NOV I564 i8:3Z:5i 16 36 7 26 02 Z0 28 59 3.3

28 NOV 1584 3:42: 0 t70 36 5 iS 35 , 35 37 1.7
I DEC t584 i3:37:i7 175 72 10 23 !75 22 10 23 1.1

27 NiOV 1584 20:10:16 18- 55 2 20 52 18 29 55 2.4

1 DEC 1584 f5:40:3 ,6Z 76 3 24 MI (6 3z 54 2.5

28 NOV 1584 4:25:31 186 78 5 41 55 32 18 60 0.0

18 NOV 1584 14:52:0 (87 43 7 32 71 9 36 34 0.0

1i NOV 1684 2:26:32 87 Z 28 65 87 22 28 65 0.0

18 NOV 164 14:53:46 185 18 14 '6 70 10 36 38 0.0

18 NOV 1984 10:38:37 150 46 7 -4 46 27 31 39 0.0

18 NOV i584 13:58:34 155 64 3 26 62 28 II 32 0.0
27 , V 584 18:45:58 (55 44 6 28 36 36 8 32 0.0

1 DEC 1564 5:121:iS i5 8 68 6 '3 40 50 14 44 2.7

1 DEC 1584 13:50:30 153 1 g 2 1 64 Z4 2 3 0.0
Z7 NOV 584 20:1:45 00 Z7 16 45 87 Z5 18 47 0.0

Z8 NOV 564 4:2:17 20 15 4 4 60 84 22 36 63 3.5

Z7 NOV 1984 "0:10:37 Z2 Z02 I 21 (73 17 14 25 0.0

18 NOV 154 14:0:1f 203 5i 14 75 53 4S 16 76 0.0

28 NOV 1364 4:25:0 Z03 203 , i 56 53 18 62 1.7

A-40



BEAUFORT SUMMER 1984

0TE TImE Pm Fhi At Ft Pmr (FiZ AZ FZ VEL
Z9 NOV 1984 15:46:50 205 Z2 38 88 203 ZZ 38 68 0.0

29 NOV 1464 18:44:0 206 2Z 37 65 142 64 14 94 3.0

i DEC i98 14:14:Z2 210 74 3 73 70 t3 37 50 2.0

Z8 NOV i94 5:7:11 1A" 25 Z9 76 177 Z7 30 65 2.

18 NOV i54 i3:46:38 224 28 14 41 106 13 42 57 0.0

Z9 NOV 1964 16:5Z:4 ZZ4 Z8 36 1Z ZZ4 29 38 6 5 .8

18 NOV 1984 10:34:7 2:6 64 i( 81 214 75 it 67 0.0

28 NOV 1964 5:40:53 ZZ6 36 :9 72 184 35 25 52 3.1

Z9 NOV 1564 20:1:40 227 67 4 26 69 13 29 40 4.5

1 DEC 1984 15:13:51 ZZ8 38 9 36 ZZ8 38 9 36 i.9

18 NOV 1964 i4:53:2 =9 44 10 46 223 44 i0 46 0.0

, NOV 1984 6:0:16 Z31 46 I9 92 23: 46 19 92 2.7

18 NOV 1984 13:49:I Z53 62 6 39 179 42 20 68 0.0

18 NOV 1984 3:i7:50 234 Z4 25 63 179 41 ,6 69 0.0

28 NOV i984 0:34:23 '34 21 i8 .0 234 21 i6 40 1.8

Z7 NOV i984 7i:4:59 235 64 4 27 235 64 4 27 0.0

28 NOV i964 5:59:58 235 38 29 116 164 44 30 IN3 2.7

16 NOV 1984 1l3ii:7 236 35 if 40 77 i2 4i 5z 0.0

29 NOV 1984 15:54:9 236 26 13 35 236 26 13 35 1.0

28 IOV i984 16:15:Ii 237 36 24 9 237 36 24 5i 4.2
27 NOV 6964 22:i7::238 i92 2 40 201 40 16 67 0.0

18 NOV i984 13:7:26 Z' i52 3 48 105 15 53 52 0.0

Z8 NOV 1964 3:59:43 245 I 33 59 245 i7 33 59 3.0

29 NOV 13A4 19:49:2 Z46 3i 21 68 167 33 44 I52 ' .6

Z7 NOV i984 Z1:39:0 247 41 8 34 247 41 8 54 (.6

26 NOV 1964 9:14:i0 248 140 2 29 109 Z 3i 65 2.8

29 NOV 1964 i9:8:i 248 43 10 45 248 43 10 45 3.3

i8 NOV 1984 13:49:Z7 249 Z0 i7 36 177 64 8 54 0.0

I DEC :964 i5:14:9 249 52 6 33 237 i7 21 37 I.

18 NOV 1584 10:39:50 250 68 I6 114 238 81 !5 ,27 0.0

Z8 NOV 1984 3:40:29 250 250 I 26 (56 48 2Z III 2.5

Z3 NOV 1984 (9:7:24 252 35 33 t2I 236 36 34 128 3.3
29 NOV 1984 iq:32:6 Z53 40 12 50 63 i5 38 60 3.9
I DEC 1584 S:i3:45 253 35 24 88 1(8 Z4 39 56 Z.(

i8 NOV 1984 14:49:36 254 60 5 3i 214 78 4 33 0.0
29 NOV 1964 19:1i:45 254 31 2 137 254 31 42 137 3.9

I DEC i964 i4:14:41 254 31 12 39 t97 14 38 56 2.6

Z8 NO' 1984 3:20:36 257 29 20 6i 253 33 21 73 3.1

28 NOV 1964 7:49:21 257 27 55 99 257 27 35 99 1.8

Z7 NOV 1984 20:19:31 258 Z56 I 27 178 34 15 54 Z.3

Z7 NOV 1984 Z0:32:9 Z59 50 10 52 113 20 4Z 88 0.0

18 NOV :94 10:44:'3 260 87 3 Z7 :35 ZO 24 50 0.0

I9 uOV 1964 IZ:Zi:5 261 46 Z0 t1i Z30 51 19 10' 0.0

26 NOV 1964 16:i4:4Z 26Z 42 6 35 262 4Z 8 35 0.0

8 NOV 1984 16:i4:26 264 38 :2 48 193 29 : 55 4.5

i8 NOV 1964 13:43:16 Z65 48 10 5 ZZ 99 5 52 0.0

/9 NOV 1964 3:53:47 265 26 34 95 :8 26 38 104 3.2
S NOV 1964 70:2:12 265 IU 31 :30 166 46 30 145 3.5

-6 1OV 1984 i3:t6:38 265 58 :. 73 253 91 :1 105 3.5
Z6 w0v 1964 16:1:14 26 Z 6 :5 57 62 r4 45 68 2.6



BEAUFORT SUMMER 1984

ODTE Ti E PmiPrmi 61 Ft Pri2 P6Z 6Z FZ VEL

27 NOV 184 22:36:27 267 38 71 3.0
i8 NOV 1984 14:50:58 Z68 27 17 46 267 58 Ii 67 0.0
i8 NOV 1I54 13:1:SI 269 64 6 48 131 15 40 653 8.

28 N V 4 16:i:2 2L9 49 ii 57 265 45 1i 57 Z.9
16 NOV 1564 14:54:1 270 25 3 9i 179 48 27 ii3 8.0

18 NOV 1964 13:10:51 271 275 33 8 248 27 3Z 9 0.0

I9 NOV i584 14:6:38 27 26 -7 4I i78 iS 30 68 0.1
27 NOV 1984 2e:l:58 272 55 7 48 2s 48 s #5 0.8

'8 NOV 1984 16:14:59 Z74 95 I 114 Zi7 36 4Z i59 0.0

i DEG 1964 16:5i:Z9 Z74 49 12 62 Z34 41 17 73 3.3
29 NOv 1584 30:i5:36 275 75 20 i57 275 75 0 157 3.6
18 NOV i964 80:42:3 Z77 76 4 3 108 34 22 78 0.0
Z9 NOV 3584 19:59:58 277 60 6 38 277 60 6 38 Z.2
Z8 NOV 1984 8:39:1 278 72 1i 83 ZZ3 3i 26 85 Z.3
29 NOV 1984 19:29:1 278 51 2Z :38 240 82 i4 IZ Z.i

29 NOV 1984 Z0:33:36 279 7f II 82 i29 24 39 98 8.0

Z9 NOV 1984 28:Z5:53 28z 106 S (2 282 le 5 5 3.7
18 NOV 1-34 i::48:4 283 36 38 38 89 25 !9 50 0.0
28 NOV 1564 Z:Z3:1 1 289 36 27 382 Zi 5i 30 !6! 2.8

29 NOV i584 2Z:4:58 258 67 e f4i 250 67 20 i4l 3.5

29 NOV i984 20:38:59 291 !68 Z 35 337 i5 42 66 3.4
18 NOV i984 13:1:43 292 36 17 64 144 Z8 35 103 0.0

28 NOV 1984 3:5:57 292 31 33 107 29z 31 33 t07 3.0
Z9 NOV 1584 19:43:3( 293 32 36 12i 293 32 36 iZi 2.7
29 NOV 1584 38:48:54 294 34 39 139 294 34 39 139 3.6

38 NOV 1964 i13:H:8 257 3i Z4 78 202 36 29 136 0.0
z9 rnOV 1984 20:3:78 297 34 iZ 43 253 36 i2 45 1.4

29 NOV 1984 i0:i7:56 298 53 23 18 Z77 67 19 34 2.9
Z8 NOV 1364 6:8:6 259 30 Zi 66 37Z 26 37 301 Z.7

38 NOV 3984 13:46:48 303 4Z 14 62 69 17 39 78 0.0
38 NOV 1584 i3:47:Z 303 80 9 76 ZZZ 27 37 305 8.0

28 NOV 1984 5:49:43 304 34 14 so 334 32 28 67 3.2
28 NOV 1584 8:47:38 305 63 23 i47 Z79 49 30 154 0.0

I DEC 3464 33:27:i9 305 Z4 32 83 385 Z4 32 83 2.6
Z8 NOV i584 5:49:48 386 i3 3 43 189 44 27 325 1.3
28 NOV 1984 8:58:9 306 31 40 138 281 3Z 39 13 Z.5
28 NOV i984 3Z:45:3 386 306 3Z 224 15 41 65 2.4

29 NOV 1584 i8:34:58 306 29 33 100 157 29 35 (06 4.8
28 NOV 1984 10:32:31 308 69 6 43 52 32 38 48 Z.9
28 NOV 1964 6:i:15 3H1 Zi6 2 45 233 61 z Q28 1.7
Z9 NOV 1964 i9:52:27 3if 35 14 51 i14 iS 27 54 8.0
28 NOV 1964 Z:Z2:48 31 33 (3 45 Z76 43 14 63 3.5

28 NOV 1984 8:56:4 313 63 52 226 67 "27 398 3.8
Z8 NOV 1964 7:47:34 314 39 Z3 54 3:4 39 Z3 94 3.1
28 NOV 1584 7:47:30 3:4 43 Z( 95 Z76 37 36 140 3.8

28 NOV i584 8:35:38 3i4 137 3 37 3i4 3H7 3 37 3.5

28 NOV 1564 8:7:45 316 30 36 113 316 30 36 333 8.8
i9 NOV 1584 13:31:57 5t8 42 i5 66 267 45 14 66 0.0
27 NOV 1984 23:34:10 3Zi 32i I 34 297 76 5 40 0.0

Z8 NOV 1584 8:45:40 32i 26 48 i09 233 Z9 43 325 3.2

A-42



BEAUFORT SUMMER 1984

DATE TIME Pn:I P1 A: F n P2 PFtZ AZ FZ VEL
Z8 NOV IQ84 8:55:9 32 37 Z5 . .3 173 53 Z5 Z8 0.0

Z NOV i984 15:25:54 3Z7 40 20 84 265 33 38 1Z 4.0

1 DEC 1584 2z:56:9 322 53 27 178 256 57 37 Z2: 2.5

DEC t964 14:20:31 323 46 l' 58 304 43 i 88 0.0

18 NOV 1964 i3:17:28 325 134 3 4 3725 134 3 42 0.b

28 NOV 1984 i8:ze:6 326 59 1i* 68 316 6 10 68 i.3

26 NOV 1984 6:46:5 327 37 33 i28 292 35 38 140 3.2
18 NOV 184 14:4=:46 528 42 i2 53 328 42 :2 53 8.0
28 NOV 1964 5:46:44 331 40 3i I3 268 44 30 138 Z.9
18 NOV 1984 !3:57:9 332 59 2i iz3 332 59 2i I3 0.0
28 NOV 1964 4:5:16 532 35 27 99 268 33 29 188 8.8

25 NOV 1584 1e:4E:S1 332 Zi 38 84 332 21 38 84 5.0
2 NOV 1964 2:;; 33Z 25 29 76 30: 89 10 53 3.1
28 NOV 1984 555:31 333 35 3Z H18 144 34 37 i3Z 0.0
18 NOV 1964 10:40:56 335 59 H1 68 310 57 12 72 0.0
27 NOV i684 72:6:9 335 335 I 35 320 35 If 40 Z.1
28 NOV 1984 7:54:32 335 54 i8 i82 i74 52 35 191 1.8
28 NOV iq84 i3:13:i9 335 28 359 15 335 28 39 1i5 3.3
2S NOV 1964 12:54:35 335 190 3 60 335 190 3 60 Z.5
2 NOV i984 19:3:40 336 37 41 155 336 37 4( i59 4.Z
I NOV 1984 12:Z1:25 338 86 6 54 180 36 i8 68 8.8
28 NOV 1964 8:46:i4 338 44 40 i85 338 44 48 t85 2.8
29 NOV 1984 16:5:37 338 56 Z I70 3i4 57 31 185 3.8

27 NOV i584 &1:49:8 339 62 II 72 339 62 II 72 2.8

29 NOV 1964 18:21:3 339 G6 1Z 86 243 69 14 101 Z.5
28 NOV i954 6:1:5 348 52 28 189 336 46 34 164 2.2
28 NOV 1984 16:6:37 340 58 14 85 348 58 14 85 2.8

28 NOV 1964 8:41:31 342 44 30 138 263 36 37 ;4 Z.Z

29 NOV 1984 14:5:10 343 68 10 63 291 28 26 76 1.8

25 NOV 1964 18:23:S4 343 37 35 136 255 49 34 17S 3.6

28 NOV 1964 6:0:11 344 4Z 29 (28 243 39 4: :68 2.7

28 NOV :984 19:i8:55 344 44 14 65 344 44 14 65 8.8

28 NOV 1964 5:56:46 345 Of 16 (36 275 66 24 :66 2.5
25 NOV :584 28:3:5 345 26 4 53 274 45 i7 8 0.8

28 NOV 1584 9:i2:28 346 SI 36 153 346 51 36 193 Z.4

28 NOV :984 i6:1:43 347 42 14 62 Z05 68 13 53 Z.6
25 NOV 1984 20:24:43 347 ii5 4 48 272 27 20 57 2.9

1I NOV i984 14:5:55 346 46 S 45 348 46 9 43 0.0

18 NOV 1584 12:15:30 345 245 3 77 3i8 :92 4 61 0.0

28 NOV i984 17:45:Z 345 349 I 37 349 349 I 37 1.3

29 NOV 1984 21:i8:26 349 98 7 72 303 34 22 78 Z.S

15 NOV 1984 (4:6:37 350 40 zi 88 358 48 21 ad 8.0

18 NOV 1584 10:36:5i 351 30 18 57 IS8 43 i7 77 0.0
(8 NOV 1984 i0:40:35 35Z 37 31 128 352 37 31 :Z0 0.0

28 NOV :984 8:1:29 352 32 (8 68 352 32 :8 68 Z.1
Z8 NOV 1984 :6:54:15 354 67 i 77 354 67 II 77 3.0

28 NOV 1984 8:30:59 356 44 23 106 354 37 38 f16 3.6

Z3 NOV 1984 8:45:33 356 38 43 t55 254 42 39 172 3.3

28 NOV 1984 7:55:4 361 86 17 t57 _-1 88 17 157 I.5
#6 1 Z6. i7:9:7 365 34 :5 54 365 34 15 54 Z.7

A-43



BEAUFORT SUMMER 1984

O6TE TimE Pn Pft r1 Fi Fn2 F PZ rZ Fe VEL
15 NOv i964 i:2S:=5 367 4i 26 HI2 367 41 26 1i2 0.0
Z9 NOV 1964 it:i6:aS 367 40 35 147 337 46 32 i54 2.3

N6 NOV 194 i3:50:0 369 C3 22 53 8 53 2.9

N6 NOV 1964 8:17:46 m72 36 24 96 265 32 36 (26 2.
18 NOV 1964 14:50:47 373 36 42 15Z 37L 36 42 59 0.0
Z8 NOV 1964 8:7:2i 374 35 34 125 166 at 31 133 3.9
26 NOV 984 16:S:57 376 45 i2 56 225 62 12 76 3.2

Z6 NOV 1964 20:53:50 376 36 34 .56 337 43 31 140 2.3
26 NOV 1984 :i9:1i8 377 Sl IS 79 335 54 18 IO2 0.0
2 NOV 1964 10:f5:41 377 3i 26 ac 370 32 30 101 3.0
i DEC 1984 21:5:5 377 44 24 iI 25Z 5 Zi 130 .6

Z6 NOV 184 8:51:42 379 42 42 185 tES 43 42 I68 3.6
Z9 NOV i584 3:56:i5 379 145 4 6f 296 53 27 65 3.0
2 NOv 1964 (:54:51 360 166 3 E9 Z29 Z5 43 i3 Z.9
Z7 NOV 1984 (8:41:111 33 86 5 45 294 22 27 62 1.8
Z6 NOI 1984 16:16:9 363 Z6 34 93 299 26 34 100 3.8
:% NOV 1584 6:49:29 366 56 28 165 386 56 28 (65 Z.4
26 NOV 1964 8:0:51 387 41 I2 52 256 6i 16 102 3.4
29 NOV 1964 1:54:13 367 69 (5 (69 300 71 18 134 2.7
26 NOV 1984 9:iO:57 366 41 40 i72 386 41 40 172 0.0

26 NOV 1984 !4:27:32 366 34 32 114 3686 34 32 i14 3.7
Z NOV iH94 :14:.7 388 4Z 30 !3Z 3i6 56 23 140 (.e
29 NOV 1984 l9:iI:36 388 34 33 u18 366 34 33 116 4.1
I9 NOV 1964 iZ:3S:t7 350 48 9 45 390 46 9 45 0.0

29 NOV 1964 2:0:26 39Z 42 Z7 H19 196 56 29 (70 3.5
29 NOV 1964 22:15:47 392 40 20 84 366 43 32 144 0.0
29 NOV 1964 18:46:43 393 60 19 IN2 340 37 40 155 5.5
i DEC i984 22:43:55 396 148 6 93 337 i39 7 iOZ 3.3

18 NOV 1964 24:26:4i 396 64 9 60 3i7 71 i9 i4Z 0.0
18 NOV 1964 14:15:43 3S5 36 36 (44 399 -6 36 i44 0.0
29 NOV 1964 26:i7:26 399 87 II 100 196 31 48 156 0.0
26 NOV 3964 8:0:44 461 176 3 55 210 29 20 6i Z.9
26 NOV 1594 6:31:39 402 34 iS 54 40( 40 13 55 3.0
25 NOV 1964 10:18:34 46Z 67 29 204 40f 67 29 204 3.0
29 NOV i964 20:23:33 402 ZiS 3 66 366 336 2 71 6.6
26 NOV 1984 i8:47:47 403 43 39 86 403 43 19 86 1.6
29 NOV 3984 iZ:SS:41 403 271 2 57 302 39 21 86 1.8
26 NOV 1964 23:26:55 404 36 30 113 404 36 30 113 2.4
19 NOV i964 13:3(:16 406 30 46 145 406 30 46 145 6.6
28 NOV 1-64 19:17:23 406 406 i 43 27i 42 iS 66 0.0
28 NOV 1984 i3:9:53 4L7 ZS 18 65 407 45 16 85 2.3
29 NOV 1964 26:23:39 467 7Z 33 98 3Z4 34 36 48 2.0
26 NOV 1984 6:57:53 409 346 2 73 469 346 2 73 1.0
27 NOV 1964 20:15:Z4 410 56 16 59 386 43 14 60 2.8
28 NOV 1984 6:4:56 400 36 36 I36 265 48 29 i46 1.3

2 NOV i964 16: 401 421, 6d li i 3 ,1 72 .6
28 NOV 1984 8:24:56 415 60 19 159 21 6 25 181 2.8

Z8 NOV 1964 8:31:6 415 61 i6 115 415 61 6e IIS 3.4
26 NOV 1964 6:53:27 415 29 25 76 415 -5 5 76 3.9
26 NOV 1464 I,':4s:aS 416 418 I 44 4i6 4 1 44 1.4
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BEAUFORT SUMMER 1984

O6TE TIME PmI Pi: 61 F: Pm2 pt2 AZ FZ vEL
28 NOV 1584 20:59:50 428 E5 26 161 42N 55 26 16i 2.5
16 NOV i84 14:15:33 424 j62 3 51 285 i0t i3 136 0.0

28 NOV 1964 8:a2:39 424 6i 20 128 360 54 26 i47 2.8

28 NUV 1984 15:25:25 424 37 26 101 340 43 32 144 2.2
28 NOV 1984 C:58:41 427 43 44 : 391 58 42 220 2.8

Z8 NOV le84 9:16:2 42"a 73 Z4 84 355 59 ZI 218 2.1
28 NOV 1984 17:7:0 428 80 10 84 428 88 I 84 3.9
28 NOV 1984 Zo:5:5 429 77 II 89 429 77 ii 89 2.7
29 NOV 1984 1:53:58 432 44 31 43 432 44 3i 143 C.0

28 NUV 1984 i8:30:37 43 433 4 5 327 37 i9 74 0.0
29 4OV 984 2:15:9 434 5 15 2 52 434 50 29 152 4.3

Z9 NOV i984 ZO:52:44 435 76 10 e8 195 4Z Z 88 4.4
I DEC 1984 13:55:15 436 45 14 65 35 72 9 68 I.1

29 NOV 1984 20:51:47 439 88 18 16E 389 79 ZI 174 2.3
Z8 NOV 1964 8:59:28 443 53 Z2 i22 297 45 3 2 51 Z.6
Z8 NOV 1984 19:26:ii 447 77 16 129 447 77 16 (29 1.6
i8 NOV 1984 i4:18:14 453 58 34 270 35i 63 33 Zi8 0.0

28 NOV t964 i1:8:z 453 49 17 87 437 37 23 89 2.8
29 NOV 1984 2:13:40 453 453 i 48 24i 66 Zi 145 1.3
28 NOV (864 8:45:50 457 36 37 (48 457 36 37 (40 3.1

I DEC 1984 Z2:35:26 a58 48 45 189 458 48 45 189 3.7
29 NOV i(94 28:5:57 462 99 6 62 153 Z4 37 93 1.3

29 NOV 1984 (0:iZ:4 469 i67 5 88 433 i47 6 93 2.7
Z8 NOV 1984 5:41:3 470 7i 21 (56 463 6Z Z5 i63 i.9
18 NOV 1984 i(:59:21 474 22 45 104 474 22 45 i04 8.0
Z8 NOV 1984 14:49:46 476 64 9 5 !73 41 26 ((Z 4.0

28 NOV 1984 8:46:45 478 478 i 5 78 i9 36 7Z 1.5
28 NOV 1964 18:9:41 478 53 2Z i22 Z46 63 29 (92 Z.8
29 NOV 1964 2f:55: 1 478 67 Z i 5 478 67 ZZ 155 3.8

28 NOV 1984 5:59:23 479 43 29 131 37i 43 35 158 Z.3
Z8 NOV 584 8:54:48 479 i79 7 i31 445 87 22 201 3.3
28 NOV i984 3:2i:2Z 486 486 I 51 334 39 17 70 Z.6

28 NOV 1984 (9:Z0:56 467 65 i5 (82 236 68 27 193 Z.7

I OEC 984 i4:15:34 499 36 i8 72 499 38 (8 72 i.5
28 NOV i984 8:ZI:23 501 25 32 84 501 Z5 3Z 84 3.3

29 NOV :964 22:i6:32 583 60 25 i57 342 74 23 (79 0.0

I DEC 1984 ZZ:49:58 506 ii4 8 96 506 H14 8 96 Z.9

Z8 NOV 1984 i8:Z6:5i 587 OZ 9 96 450 iZ 1 ((8 3.0
29 NOV (984 20:39:54 509 46 36 174 4i5 44 38 i75 0.0
29 NOV 1984 20:18:56 5i8 68 26 185 510 68 26 185 0.0
28 NOV 1984 i8:35:17 5il 74 II 85 583 58 15 9i f.3

28 NOV 1964 19:53:Z 5:5 38 34 107 5i5 30 34 107 3.6

29 NOV 1984 i4:14:24 519 i53 4 64 406 33 21 73 3.3

IS NOV 1984 f4:7:4 528 29 35 1(6 528 29 35 1(6 0.0
28 NOV 1984 8:43:3 520 73 23 176 456 76 24 (91 2.5

Z9 NOV (984 2:9:33 523 C7 2 44 35 67 23 Z 3.8
Z8 NOV 1584 6:0:36 524 30 24 76 524 30 24 76 Z.3
Z8 NOV (984 16:i3:Z0 527 i26 7 93 527 (26 7 93 0.0
29 NOV (984 !:55:21 531 43 43 194 531 43 43 194 3.2

28 NOV :984 7:54:39 537 48 0 :26 537 8 38 :26 0.0
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BEAUFORT SUMMER 1984

DATE TimE Pmi Phi Al Fi PnZ PMZ A F2 VEL
i8 NOV i984 i3:3:37 538 30 39 1Z3 474 33 38 132 1.oZ8 NOV 1984 13:22:50 541 64 2Z 146 350 38 38 '51 3.8
29 NOV 984 0:50:5Z 541 219 9 207 213 259 8 2,7 4.0

26 NOV i984 15:22:48 544 46 3Z 154 544 46 32 154 3.5

i0EC (984 Z2:50:5 554 3i 43 140 45i 28 48 141 Z.4Z NOV 1584 i,:7:24 558 85 aS 130 467 82 27 176 (.1

3NOV 164 9:0:31 556 68 16 114 289 70 16 1ie 2.3
29 NOV 1984 Zi:28:i7 559 87 8 73 222 24 36 31 Z.7
Z8 NOV i984 6:46:35 560 105 i5 165 398 82 21 181 1.8
28 NOV 1584 i9:33:15 561 35 39 143 4 4 3 151 3.6
1 DEC 1984 23:45:35 562 275 5 144 418 73 22 l56 3.0

I DEC 1984 18:36:35 583 i67 4 70 464 28 32 e4 3.7
I DEC i154 i4:i6:!6 589 i33 10 i40 578 133 it (53 1.3

28 NOV 1984 6:54:57 591 43 26 126 291 83 22 145 2.5

29 NOV 964 20:40:52 592 592 I 6Z 575 225 3 71 3.8
Z9 NOV i984 i9:30:33 599 250 S 131 599 150 5 13i 4.Z
Z8 NOV 1984 16:58:33 6i0 (Z5 7 52 481 108 it z5 Z.8
29 NOV 1(64 21:26:53 625 89 i6 i88 287 72 23 i74 5.6
26 NOV i984 18:39:51 634 634 1 67 563 84 II 74 2.6
28 NOV i984 8:43:23 856 77 -0 (6Z 4i4 (01 Z 21Z 0.0
29 NOV i964 Z:35:31 859 59 24 149 839 89 30 2(7 (.0

29 NOV 1984 10:12:37 666 i37 10 44 275 58 43 26Z 3.5
i DEC f584 14:15:42 867 68 iS 07 256 Z7 39 lo 1.3

29 NOV i984 22:i6:27 7i9 56 41 241 699 59 39 241 0.0
28 NOV 1984 5:46:35 729 -79 Z2 i62 579 69 35 Z53 3.3
Z9 NOV (984 22:58:23 729 56 46 270 729 56 46 270 3.0
28 NOV (984 6:44:46 731 93 (4 137 5(9 727 6 143 3.0
29 NOV i964 i2:52:40 (3o o 33 183 733 5 33 183 (.3

28 NOV (984 18:26:46 775 170 iZ 214 775 i70 (2 2i4 3.1
29 NOV i984 20:35:53 775 206 5 108 506 45 37 175 (.5
26 NOV (984 (9:26:2 785 785 1 82 7i7 i84 19 367 Z.5
28 NOV 1984 (6:49:50 793 97 i4 14Z 570 158 10 (66 Z.4
29 NOV 1984 i4:35:42 796 2953 4 23 554 145 (2 163 3.5

28 NOV (584 i8:50:i6 811 95 14 140 749 74 8 140 (.Z
29 NOV (584 i9:l3:3 8i8 97 33 336 630 83 43 374 4.4
Z8 NOV i984 8:7:29 838 260 6 Z8 673 76 39 3i( 3.9
26 NOV 194 (9:19:4 (041 399 3 126 6-8 63 27 178 0.0
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NORTH CHUKCHI WINTER 1983

MULTIYEAR

OATE TimE FMI PAi i Fi PFm2 PZ AZ FZ VEL
7 APR f 63 14:40:22 274 45 17 87 236 50 20 it 0.0

7 APR tS83 i(:4u:ZE 111 2 65 Z I52 266 65 Z 15 0.3
i( APR 163 i3:i2:30 38 i03 5 55 301 i7S 3 62 7.0

is APR i63 33:1:2 52 63 i2 63 2i7 5 24 i21 44.S

44 APR 163 i6:t6:58 3i2 63 iS 105 2S6 60 i6 i08 .8
24 APR i63 i6:i6:36 328 152 7 i67 302 i16 7 i1O 5.s

APR i:83 i6:16:52 32s 66 7 53 317 i2 6 56 1.6

i APR IS83 6:35:40 333 66 E 57 3i4 66 i 78 5.0

ts APR 1683 i3:6:Z3 336 is 32 64 i76 63 :8 i23 i.0

i 4 R i563 :12:Si:SZ 336 57 20 iZ3 338 57 Z 123 .8

16 6R 1663 i3:5.:Z 354 76 8 68 256 65 8 0 i.5
II APR i683 6:36:i 358 iiS 4 67 35i 54 it 6s 3.6
7 APR i683 i4:44:37 3 5 43 28 iOS 356 43 ZO 185 0.0

ii APR 1663 6:58:i8 364 35 36 i4o 3E3 37 37 f43 7.7
i6 APR i683 i2:56:40 367 73 i4 i46 365 73 22 17i Z.i

28 APR 163 i3:i8:ii 360 S7 Z3 i42 33-70 23 14Z 3.6
is APR i983 12:26:S4 382 54 35 i56 274 56 34 200 5.4

i1 6 R i663 i1:56:33 50 i 7 it i53 364 (27 ii i54 3.6

24 APR i683 i6:i7:44 4i4 6i i1 18Z 414 i ii i02 3.6
H APR 683 6:55:57 4t6 i67 5 (22 416 167 5 (22 1.7

i( ApR 1583 i3:28:5i 4i6 56 26 i175 46 56 2 175 2. i
12 APR 566 14:i5:38 4i 4i 5i 135 248 38 35 i42 6.7

24 APR 683 i6:4:i4 4Z5 64 2i (46 380 67 24 170 4.4

i: APR i663 iZ: 5: 434 24 46 ii 434 4 46 118 4.7

20 MPR i563 iZ:43:Si 475 37 ZO 78 31 4i Zi 653 5.3

20 APR 1653 i3:6:47 435 68 28 200 303 63 3i 27 .4

i( APR 1683 i1:36:34 44i 26 35 i07 347 37 30 126 3.4

i( APR ti63 i3:,0:i6 443 66 i7 i(i 437 76 28 ZZ5 6.6

ii A R i663 5:38:3i 49 i04 ii 127 331 76 26 236 8.5

28 APR 1683 ie:55:i7 453 78 8 7i 453 76 8 7i (.2

24 APR 683 15:5i:44 453 53 Zo 188 436 47 25 155 3.3
i1 APR (683 i3:17:i5 456 i02 7 63 328 i46 8 i50 7.S
ii APR i563 8:55:8 462 i07 i3 (56 386 78 ZO (76 8.i

i6 APR 1663 [2:34:2 47Z 55 26 176 269 39 47 i1 4.6

20 APR (683 i3:6:SZ 488 56 Zo i33 2av 46 26 i34 f.1
i( APR (683 i3:3:44 483 37 43 (68 483 37 43 i68 5.3

ZO APR :53 i5:6:27 485 i02 28 2'4 46i (04 22 240 (.4
24 APR t683 16:16:27 464 57 33 287 486 75 33 266 7.7

ii APR i563 6:42:52 456 Z5 5 (25 496 259 3 i25 8.6

i6 APR 1563 IZ:42:37 466 88 16 168 466 6O (6 168 2.2
ii APR 1983 8:55:45 51 3 3 120 3568 130 6 132 3.0

24 APR 163 i6:4:3s 55i 36 39 i6Z 504 40 38 16Z (.4

20 APR 153 (2:54:37 554 43 48 ZiG 266 58 44 230 6.Z
i9 APR 683 i2:36:46 556 iZ s i17 28i S5 25 i7Z 3.3

ii APR 683 6:50:37 561 56i i 76 437 66 2i 224 4.6

i9 APR t963 iZ:50:i6 573 7i i3 8 331 63 i( i26 3.4
is APR 563 2:J5:2 575 56 43 252 557 56 45 264 3.2

IS APR 1683 13:!7:76 5al 5i 2i 113 58i S1 21 fi3 5.7

ii APR (683 8:50:i5 59i 4 39 2Zi 551 54 35 221 7.2

if APR 1463 8:50:43 68 268 3 567 373 iS4 6 (16 3.7
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NORTH CHUKCHI WINTER 1983
-MULTIYEAR

DA E TinE Pri PHi i1 Fi Pm H t2 6-7 F2 VEL
ZO APR i63 !2:56:.5 607 35 4Z iSS 4E5 47 34 i74 7.1
iS APR iiE3 13:1:43 6Z7 8 5 i 02 477 S5 i3 i72 4.2

Ii APR 13E3 8:55: 1 6Z 87 S i63 607 404 2 i65 6.
i6 APR 963 i5:0: 4 65Z Si (3 190 65i 55 14 i57 2.t
ii APR i583 8:55:25 666 105 iS iSi 6ii :i6 i4 192 6.6
23 9=R E8 i5:55 706 85 26 2Z2 360 E3 36 313 7.S
iZ PR 1983 i6:20:iZ 7i5 i47 5 149 435 !67 8 IS 6.6
iS APR i583 i3:1Z:4Z 718 i~q iS ZaS 713 Z26 24 319 6.7
i5 APR iS63 i3:5:56 74i 66 i4 i13 432 52 34 329 4.9
Ii APR i583 8:55:35 759 i25 20 2-5 725 i66 iS 274 4.4
iS APR i983 i13:i:i3 836 i00 76 299 672 68 44 3i4 9.t
is APR i583 i:ZS:IZ 868 84 24 2:9 1 88 6S 34 ZSZ 4.4
if PR i653 8:55:50 iOO6 i18 I@ r-9 740 323 5 Z34 '.5

ii tAPR f583 8:S5:30 ti1 Z08 i4 3:8 64: 229 i0 3C3 5.6
24 APR 1583 i6:ii:59 ii4i i73 27 441 i[4i i73 27 491 7.8

iS APR i583 i3:3:53 i143 305 7 234 548 i00 28 Z94 5.6
ZO APR 183 13:6:i8 (3i9 496 6 41i 956 Z0 iZ0 443 3.2

A-48



BEAUFORT SUMMER 1984
MULTIYEAR

,)ATImE Fni FAI 6i1 Fi FmZ PAZ 62 F 2 VEL
I DEC 194 i5:50:Z0 :i7 ZO 2 25 57 1 25 21 .1

H8 NOV iS83 4:28:31 t66 78 5 A: i55 32 :8 68 8.8

i DEC 964 i3:5:0:30 :si i i 2: Z 23 .1

27 NOV :63 2@:1:45 200 27 16 45 67 5 :6 47 0.027 NOV :883 20:io:37 Z0 2802 2: i73 17 i4 Z5 8.

4e NOV I863 4:18:0 23 23,1 156 3 iS 62 8.0
I8 NOV i084 13:4i:12 233 62 6 35 !79 42 20 66 0.0
i NOV IS64 13:17:50 234 Z4 25 63 17E 4i 16 69 0.8
27 NOv 1983 22:i7:i 236 i92 2 40 20i 40 16 67 0.0
i8 NOV :964 13:45:27 248 20 17 36 (77 64 8 54 b.b
i8 NOV 1584 i3:43:i6 265 46 10 50 Z32 88 5 52 0.0
18 NOV i584 13:48:4 263 36 110 38 6 25 is 58 0.0
i6 NOV 184 13:i:43 49Z 36 i7 64 i44 26 35 103 0.
(8 NOV iE64 13:47:2 303 80 8 76 222 27 37 105 0.0

i DEC 1:84 Z2:56:t5 32 63 Z7 i78 56 57 37 I Z .7
i DEC 1564 i4:Z:3i 323 46 (Z 58 304 43 19 86 .

86 NOV i064 i3:i7:26 325 i34 3 42 325 134 3 4Z 0.0
Z8 NOV i(83 i9:,8:55 344 44 i4 6S 344 44 j4 65 0.0
z NOV ii83 i9:i9:i8 377 50 iS 78 335 54 i8 i1Z 0.8
26 NOV i583 15:17:23 406 406 1 43 271 42 i5 66 .i
28 NOV :563 i8:30:37 433 433 I 45 327 37 19 74 17.6
I DEC i5864 i3:55:i5 436 45 14 66 358 7Z 8 68 40.4

Z6 NOV :483 (:Z6:i 447 77 f6 IZ9 447 77 (6 128 8.0
Z8 :NOV i83 iS:0:2 453 49 i7 87 437 37 23 6 2.1
28 NOV i853 5:41:3 470 7i Z 156 463 62 25 163 0.0
29 NOV 1564 -Z:16:3Z 503 60 ZS i57 342 74 Z3 i75 3.3
26 NOV 1565 i:7:24 556 65 i9 (30 487 62 27 (76 1.(
i DEC (84 i4::6:i6 588 f33 W (40 576 i133 H (53 3.5

28 NOV 988 20:35:3i 658 58 24 i49 639 69 30 217 f.0
28 :I'v 8584 Z:I6:27 7i9 56 4i 24: 688 58 38 241 4.8

Z8 NOV :884 20:35:53 775 286 5 06 506 45 37 i75 Z.4
Z6 NOV :883 (5:15:4 04i 99 3 (Z6 626 63 Z7 i78 0.0
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APPENDIX B

USE OF EXTREME VALUE STATISTICS IN ENGINEERING ANALYSIS

Random phenomenae, such as ice loads, wind speed and

wave heights can be quantified using statistical techniques.

Probability density functions describe the chances of any value

occuring in a given sample rather than predicting a certain value.
Most statistical methods deal with the analysis of the behaviour
of the random variable around the mean (i.e. Traffic Volumes,
Mortality Rates, I.Q.). However, certain classes of problems
demand that the rare events be investigated. This is particularly

true in engineering where the rare event is normally the design

event (i.e. fastest wind, highest wave, largest load). The

statistical theory of extreme values has been developed to

describe the probabilities of these rare events.

Gumbel [11 stated: "The aim of a statistical theory of

extreme values is to explain observed extremes... and to forecast

(future) extremes". Extreme value functions naturally depend on

the initial or underlying distributions. Figure 1 illustrates

this with an initial distribution Fx(x) the random variable X, and

the distribution of the extremes Gy (yn ) where;

N

Fx(X) = probability that any X will be less than x

GyN (yn) = probability that any YN will be less
N than yn

where X = random variable,

x - a specific value which X might take

YN - Max of N samples of X (also a random
variable)

Yn - a specific value which Yn might take

For YN to be less than yn' all N X must be less than Yn" it

follows that;

N
Gy(yn) [ [Fx(x)] Y (1)

x
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Thus, if the initial distribution of a Function is known exactly,
then the extreme value function can be derived exactly. In
engineering practice this is not usually possible. Small errors

iDh estimates of the initial distribution are compounded (to the
N power) in the extremes. It is precisely due to this problem
that statistical theory of extreme values was developed. The
early works on extreme value statistics are due to Vcn !Mises
(1922), Frechet (1927) and Fischer and Ticcett (1928). Gumbels'
landmark paper and book [1,2] give both the mathematical deriva-
tion and engineerina uses of extreme distributions. There are
three main types of extreme value functions, (see Taile 1) origin-
ally classified by Fischer and Tippett, and which have also come
to be known by the mathematicians who studied them; Type I
(Gumbel), Type II (Frechet) and Type III (Weibull). All three
distributions have a largest value and smallest value form. Onlv

the largest value forms will be discussed here.

Asvmctotiz Distributions

Th- reasons that three specific extreme value
distributions have been defined is that they are all asymptotic
distributions. For most situations of practical importance, for a
wide rance of initial distributions, the extremes as defined in
Equation (1) will asymptotically approach one of the three
distributions, as the value of N grows large.

Type I (Gumbel)

The Type I distribution arises when dealing with
unlimited random variables whose initial distributions tail off
"in an exponential manner"; as for example,

F(x) = 1 - e Xx (2)

which is the negative exponential distribution. The normal and
gamma distribution are cf this general type. The Type I, defining
the largest of many independent random variables with a common
exponential type of upper tail, is written as:

- (y-u)

(Y) = e- -O < y < (3)
y

where = measure of dispersion

u = mode of y



Type II (Frechet)

The Type II also represents the largest of many random
variables, but which are limited on the left to zero (i.e.
positive only) and have a tail which falls off as:

k
F x) -1 - a I ) x > 0 (4)

The Cauchy and log normal follow this form. The Type I and Type
IT have the same relationship as the normal and log normal distri-
butions. if a variable is log normally distributed then its
logarithm is normally distributed, and if a variable is Type II
then its logarithm is Type I. This can be seen in the probability
paper used to plot Type I and Type II. Both Type I and II use the
same scale for probability, but while Type I uses a linear verti-
cal scale, Type II uses a logarithmic scale (see Figures 2 and 3).
Note also that if x in Equation 4 is replaced with inx, then equa-
tion 4 can be transformed into equation 2. All this leads to the
Type II distribution with the form;

v k
F(y) - e-(-) y > 0 (5)

y

where V - a parameter between the mode and median

k - a measure of dispersion.

Type III (Weibull)

The Type III distribution describes the largest of many
random variables which are limited to some maximum value w, and
fall off in a manner such that near w;

F(x) - I - c(w - x)k  x < w k > 0 (6)

The distribution of the largest values is:

k

F(y)- e- (;4) y < w (7)
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where w - maximum'possible value of y

u - mode of y

k - measure of dispersion

Weibull [1934] actually used the distribution to study smallest
rather than largest values. He studied material strength in
tension and fatigue. While his justification for the distribution
was purely empirical, Freudenthal [1951, 1956] has given physical
reasons for its practicability.
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Examole

The maximum annual mean hourly wind speed for
London airport for the years 1939-1961 inclusive are as
follows;

36, 37, 45, 50, 39, 33, 37, 35, 41, 52, 41, 58,
39, 46, 39, 42, 45, 36, 55, 32, 43, 34, 39

To plot the extreme values the data must be ranked
as follows:

RANK VELOCITY P(v) = . - m Y = -Ln(-!n(P))
m (MPH) n + 1

1 58 .958 3.15
2 55 .917 2.44
3 52 .875 2.01
4 50 .833 1.70
5 46 .792 1.46
6 45 .750 1.25
7 45 .708 1.06
8 43 .667 .90
9 42 .625 .75

10 41 .583 .62
11 41 .542 .49
12 39 .500 .37
13 39 .458 .25
14 39 .417 .13
15 37 .375 .02
16 37 .333 -.09
17 37 .292 -.21
18 36 .250 -.33
19 36 .208 -.45
20 35 .167 -.58
21 34 .125 -.73
22 33 .083 -.91
23 32 .042 -1.16

v= 41.39 - 6.87
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The data can be plotted against any of the three distributions.
This is best done by first linearizing the equations as follows:

Tve I

-a(x-u)

F(x) - e- e (3)

can be converted to:

-ln(-ln(F(x))) - ax - au

which is linear in -ln(-ln(F(x))) and x. The plotting paper used
in Figure 2 is specially constructed so that data fitting Equation
3 will be a straight line.

Type II
k

F(x) - e x (5)

can be converted to:

-ln(-in(F(x))) - klnx - klnv

which is linear in -ln(-ln(Fx))) and lnx. The same kind of
plotting paper can be used to plot Type II if log x is used.
Figure 3 uses a logarithmic scale instead.

Type III

(w-x k (7)
F(x) e w-u)

can be converted to:

-ln(-ln(F(x))) - kln(w-u) - kln(w-x)

which is again linear. Figure 4 plots w-x on a logarithmic scale.
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COMPARISON OF DIFFERENT DISTRIBUTIONS

This example illustrates a very important point
concerning extreme value statistics. All three distributions fit
the data reasonably well over the range of the data. If one were
interested in predictions within the range of probabilities given,
the choice would be inconsequential. The problem arises when
extrapolating to longer time spans than the available data. The
100 year and 1000 year expected extreme winds are:

100 yr. 1000 yr.

Type I 63 75
Type Ii 75 105
Type Iii 62 73.5

When extrapolating 2, 3 or even 4 orders of magnitude (i.e. from 2
ship weeks of ice loads data to 50,000 ship-weeks of operations)
the problems of divergence of the distributions is even greater.

The choice of the distribution must rely on the
applicability of assumptions governing the distributions to the
particular process governing the data. The key distinguishing
aspects of the distributions are:

Type I - unlimited additive (averaging)process
Type II - unlimited multiplicative (sequential)

process
Type III - limited variable

The extreme value method is a valuable predictive tool, but care
must be taken to get sufficient data and to use the method wisely.
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THE THREE DISTRIBUTIONS COMBINED

It has been shown (Gnedenko 1943) that the three Fisher
Tippett distributions are the only stable asymptotic forms
for extreme values (except for improper distribution).
Further, Jenkinson (1955) showed that all three forms could
be expressed as special cases of a more general distribution.
For the purposes of clarity this most general distribution
will be called the Jenkinson distribution. It is written as
follows:

-xe - C ( x - A l ) ( )
F(x) = e A2

This reduces to a type I, I or III depending on the value of
C, as follows;

Type I: C 0

-1/A2 (x - Al)
-e

F(x) - e

where 1/A2 - o , Al - U

Type II: C < 0

-1/C

F(x) - e x-(AC - A2/C)

where Xmin - Al - A2/C (lower limit, usually 0)

-1/C -k

A2/C -V

B-13



Type III: C >0

F(x) e- [C/A2 [(A2/C + Al) - x]

where Xma = W = Al + A2/C (upper limit)

I/C = K Al U

These interrelationships allow fitting data to equation 8 and
then determining both the type and parameters of the extreme
value equation.
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APPENDIX C

TABLE I

SUMMARY OF DEPLOYMENTS, DATA SETS AND ICE CONDITIONS

ICE NO OF

TIT.E & DATE LOCATION TYPE EVENTS

Beaulort Summer 82 100-150 nm north of Prudhoe Bay MY 167

Sep 28 - Oct 16 in the Alaskan Beaufort Sea

S Bering Winter 83 Transit from St.Paul Is. to the FY 173
Mar 2, - Mar 26 west end of St.Lawrence Is. in

the Bering Sea

N Bering Winter 83 Transit from St. Lawrence Is. to FY 241

,Mar 27 Mar 28 the Bering Strait in the Bering Sea

S Chtiu.chi Winter 83 Transit from the Bering Strait to FY,MY 299
Mar 29 -Apr 2 Point Hope in the Chukchi Sea and

Apr 28 - May 2 return

N Chukchi Winter U3 Round trip transit Point Hope to FY,MY 513

Apr 3 Apr 27 Wainwright in the Chukchi Sea,
opt-ration off Wainwright

Antarctic Sutmmrtr 8 '  McMtirdo Sound, break-in to McMurdo FY 309
Jan 9 - Jan 13 Base

Bvatirt Summcr 84 Operation between Barter Is. and FYMY 337
Nov 18 - Dec I Barrow in the Beaufort S.a, transit

through the Chukchi Sea to the

Bering Strait

SUBSETS OF KNOWN MULTIYEAR EVENTS

N (Cikch Winter 83 MY North Chukhi Sea off Wainwright MY 67

Apr 3 - Apr 27

Bi'iJi *rt Sunri'r 51 MY Batifort and Chtkchi Se'as MY 32

Nmvv 12 - )oc I
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TABLE 2

SUMMARY OF COMBINED DATA SETS

ICE NO OF
TITLE COMBINED FROM TYPE EVENTS

Known Multiyear Beaufort Summer 82 MY 266
N Chukchi Winter 83 MY
Beaufort Summer 84 MY

Heavy Mixed FY & MY Beaufort Summer 82 FY,MY 1017

S Chukchi Sea 83 N Chukchi Sea 83
Beaufort Summer 84

Known First Year S Bering Winter 83 FY 723

N Bering Winter 83
Antarctic Summer 84

Sunm.,'r Btaufort Sea Beaufort Summer 82 mostly MY 504

Beaufort Summer 84

'.irt,.r Chukchi Sea S Chukchi Winter 83 FY,MY 398
N Chtjkchi Winter 83

%,int, r Bering Sea S Bering Winter 83 FY 812
N B,.ring Winter 83
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APPENDIX D

SUMMARY OF TABLES OF THE COEFFICIENTS OF THE 3 PARAMETER

CURVE FIT TO THE EXTREME VALUE DISTRIBUTIONS

TABLE D-I

REGRESSION COEFFICIENTS FOR THE 3 PARAMETER

EXTREME VALUE DISTRIBUTION FOR
HIGHEST AVERAGE PRESSURE ON A SINGLE SUB-PANEL

REGRESSION COEFFICIENTS
NUMBER Al A2

TITLE OF EVENTS C MPa psi MPa psi

Beaufort Summer 82 167 -.063 3.10 450 1.43 207

S Bering Winter 83 173 -.071 1.27 184 .35 51

N Bering Winter 83 241 .026 1.99 289 .58 84

S Chukchi Winter 83 299 -.218 2.01 291 .43 62

N Chukchi Winter 83 513 -.198 2.50 363 .71 103

Antarctic Summer 84 310 .042 1.90 276 .52 75

Beaufort Summer 84 337 .000 1.97 286 .83 121

N Chukchi Winter 83 MY 67 -.236 2.95 428 .95 138

Beaufort Summer 84 MY 32 -.247 1.96 284 .92 134

Known Multi-Year 266 .000 2.89 419 1.52 221

Heavy Mixed FY and MY 1017 -.128 2.37 343 .92 133

Known First-Year 723 .042 1.71 248 .63 91

Summer Beaufort Sea 504 -.116 2.22 322 1.06 154

Winter Chukchi Sea 812 -.193 2.28 330 .65 94

Winter Bering Sea 398 .000 1.56 226 .66 96
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TABLE D-2

REGRESSION COEFFICIENTS FOR THE 3 PARAMETER
EXTREME VALUE DISTRIBUTION FOR

HIGHEST AVERAGE PRESSURE ON FOUR SUB-PANELS

REGRESSION COEFFICIENTS
NUMBER Al A2TITLE OF EVENTS C MPa psi MPa psi

Beaufort Summer 82 148 -.204 1.31 190 .60 87
S Bering Winter 83 154 .020 .56 81 .21 31
N Bering Winter 83 228 -.092 .86 125 .29 42
S Chukchi Winter 83 271 -.104 .88 128 .28 40
N Chukchi Winter 83 460 -.200 1.14 165 .33 48
Antarctic Summer 84 283 .101 .88 127 .23 34
Beaufort Summer 84 289 .055 .86 124 .43 62

N ChuKchi Winter 83 MY 63 -.322 1.31 190 .46 67
Beadfort Sumner 84 MY 24 .071 .88 128 .52 75

Known Multi-Year 266 .001 1.21 175 .81 118
Heavy Mixed FY and MY 897 -.168 1.05 152 .41 60
Known First-Year 665 .005 .78 113 .28 40

Summer Beaufort Sea -.136 .89 129 .53 77
Winter Chukchi Sea -.149 1.05 153 .35 51
Winter Bering Sea -.043 .72 104 .33 48

0-2



TABLE D-3

REGRESSION COEFFICIENTS FOR THE 3 PARAMETER
EXTREME VALUE DISTRIBUTION FOR
HIGHEST TOTAL FORCE ON THE PANEL

REGRESSION COEFFICIENTS
NUMBER Al A2

TITLE OF EVENTS C MN LT MN LT

Beaufort Summer 82 167 -.133 1.12 112 .62 62

S Bering Winter 83 173 .130 .96 96 .38 38
N Bering Winter 83 241 -.048 1.03 103 .45 45

S Chukchi Winter 83 299 -.052 .87 87 .37 37

N Chukchi Winter 83 513 -.016 1.23 123 .63 63

Antarctic Summer 84 310 -.005 .93 93 .30 30

Beaufort Summer 84 337 .000 .77 77 .46 46

N Chukchi Winter 83 MY 67 -.163 1.40 140 .60 60

Beaufort Summer 84 MY 32 -.028 .73 73 .52 52

Known Multi-Year 266 .001 1.08 108 .75 75

Heavy Mixed FY and MY 1017 -.043 1.04 104 .60 60

Known First-Year 723 -.048 .96 96 .36 36

Summer Beaufort Sea 504 -.114 .83 83 .50 50

Winter Chukchi Sea 812 .001 1.06 106 .63 63

Winter Bering Sea 398 .001 .95 95 .45 45
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TABLE D-4

REGRESSION COEFFICIENTS FOR THE 3 PARAMETER
EXTREME VALUE DISTRIBUTION FOR
HIGHEST TOTAL FORCE ON A FRAME

REGRESSION COEFFICIENTS
NUMBER Al A2TITLE OF EVENTS C MN LT MN LT

Beaufort Summer 82 167 .001 .56 56 .37 37
S Bering Winter 83 173 -.197 .22 22 .07 7N Bering Winter 83 241 -.239 .36 36 .11 11S Chukchi Winter 83 299 -.084 .39 39 .10 10
N Chukchi Winter 83 513 -.127 .46 46 .16 16Antarctic Summer 84 310 .028 .33 33 .10 10Beaufort Summer 84 337 .005 .30 30 .13 13

N Chukchi Winter 83 MY 67 -.033 .62 62 .26 26
Beaufort Summer 84 MY 32 -.127 .34 34 .18 18

Known Multi-Year 266 .001 .53 53 .35 35Heavy Mixed FY and MY 1017 .005 .39 39 .26 26
Known First-Year 723 -.145 .31 31 .10 10

Summer Beaufort Sea 504 -.205 .38 38 .19 19
Winter Chukchi Sea 812 -.145 .43 43 .14 14
Winter Bering Sea 398 -.188 .29 29 .11 11
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TABLE D-5

REGRESSION COEFFICIENTS FOR THE 3 PARAMETER
EXTREME VALUE DISTRIBUTION FOR

HIGHEST TOTAL FORCE ON A STRINGER

REGRESSION COEFFICIENTS
NUMBER Al A2

TITLE OF EVENTS C MN LT MN LT

Beaufort Summer 82 167 .001 .89 89 .55 55

S Bering Winter 83 173 .005 .41 41 .25 25

N Bering Winter 83 241 .234 .75 75 .30 30

S Chukchi Winter 83 299 .001 .73 73 .30 30

N Chukchi Winter 83 513 -.020 .98 98 .36 36

Antarctic Summer 84 310 .095 .69 69 .23 23

Beaufort Summer 84 337 .169 .60 60 .36 36

N Chukchi Winter 83 MY 67 .001 1.13 113 .55 55

Beaufort Summer 84 MY 32 .210 .52 52 .32 32

Known Multi-Year 266 .001 .89 89 .54 54

Heavy Mixed FY and MY 1017 .006 .81 81 .41 41

Known First-Year 723 .170 .64 64 .29 29

Summer Beaufort Sea 504 -.066 .66 66 .39 39

Winter Chukrhi Sea 812 .001 .87 87 .37 37

Winter Bering Sea 398 .165 .60 60 .31 31
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APPENDIX E

DESIGN OF SHELL PLATING ON ICEBREAKERS

Failure of shell plating can be defined in
several ways:

initial yielding
o unacceptable deformation (permanent set)
o rupture (after large deformation)
O fatigue

Initial yielding is not normally considered as

failure in icebreakers. No visible damage results from
yielding. As well, design against initial yielding would
be unnecessarily costly. Fatigue considerations are
normally dealt with through proper selection of steel

grades.

For modern icebreakers, constructed of hich
strength and highly ductile steels, the design condition is

some level of permanent set that is considered acceptable.
For these steels the rupture strength is very high and is
of less interest.

Post yield behavior of plating depends on a
number of parameters and mechanisms:

o plastic hinge formation at edges
0 plastic hinge formation at center
o membrane action due to deflection

" lateral deflection of plate edges
0 "pulling out" of plastic hinges under

high membrane loads
o plate aspect ratio
0 plate slenderness ratio
o load shape

o load relaxation due to deformation

The complexity of the plastic response of the

plate, together with scarcity of experimental data, has so
far resulted in a diverse range of opinions and equations
in the literature. This report will discuss the various
approaches and propose a suitable basis for design of shell
plating.

o stress strain model
o yield criteria
o ultimate strain at rupture

EI



Timoshenko (1] studied long flat places with

built in and simply supported edges. All of his solutions

c-Asidered elastic action only. His solutions considered

the membrane stresses resulting from laterally restrained

sucocrts. This work provided the basis for later
plasticity analysis.

Clarkson (2] considered the elastic and plastic

response of rigid clamped plates of various aspect ratios,

up to the formation of a single plastic hince at the edge

(including membrane action). Clarkson's ecuazion (for zero
aszect ratio) is:

p = 4.56 a/ ] (t/s) (F.l)
Y

p = applied load (capacity)

a M yield strength

E - Young's Modulus

t - plate thickness

s - plate span (frame spacing)

The resulting permanent deformation was equal to those

caused by the welding process during fabrication.

Johansson [31 considered a three plastic hince

mechanism as the design condition. He assumed that membr-

ane stresses would not be important and that (practically)

no permanent deformation would result. His strength

formula is:

p -(4 
(F.2)

y

Hooke (5] based on the experimental results of

Hooke and Rawlings (4], extended Clarkson's work on fixed

edged plates of non-zero aspect ratio. In [4] it is noted

that the tests were unable to prevent lateral movements of

the plate boundaries.

Jones [6] examined finite plastic deflection of

rectangular plates with simply supported and fully clamped

edges. Using a rigid perfectly plastic stress model and

E-2



assuminc no lateral deflections at the boundar es, he
pr cduced the following formula for the fully clamed case:

~ ~22
p = p1 + - -. 3

c 3 (t 3. )

where W < t

12~ 1~c -,

c 12 s K + 2 - a (3 h- e l a )

a= s/a (aspect ratio)

a = heicht of plate

W.,= per:manent defIect _on

(Note that (F.3) reduces to (F.2) when a and W are equal to
0).

For the simply supported case:

p p + ri + (3-(F.4)_c 3 (3 -<

W < t,/2

or

12 J
L.. p ) 1 t F 5

W > t/2
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for plates of zero aspect ratio this reduces to:

p - 8 a (SO (WJ*4 (F.6)

Coburn et a! [7] took equation (F.3) for W/t - 1, = - 0 to
obtain

2
p - 8 a (S) (F.7)

and suggested a plate design (inverting (F.7)) of;

t - .353 s v P/y

Coburn et a! also reports that Clarkson's equation (F.1) if
extended to 3 plastic hinges would become approximately

P - 912 ay 4/3 / 1/3 ] (S) 4/3 (F.8)

Hughes (8] in a very comprehensive paper, developed a
solution for plastic plate response based on an
elastic-perfectly plastic stress model and allowing for the
freedom of the edges to pull in (Figure 1). Hughes defines
the slenderness ratio A as;

- s/t 1*77/ (F.9)
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Mp

Sw A

Figure 1 ASSUMED CONDITION of PLATING for ANALYSIS by HUGHES [8]
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Figure 2 IDEAL MEMBRANE BEHAVIOUR of PLATE
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Fictre 3 MEMBRANE BEHAVIOUR in the PRESENCE of SPRINGS

E-5



Hughes explains that for sturdy plates (a < 2.4) the
deflections under load will be quite small and, because
of the occurrence of edge pull-in, that membrane effects
are small even after yielding. It is noted that plates on
icebreakers are very sturdy (i.e. s - 400 mm, t - 36 mm, a
- 360 will result in 0 - .46!) and that edge pull-in could
be very important. As a result membrane st:esses would be
small. Using a non-dimensional load parameter Q;

Q - pE/Oy 2  (F.10)

Hughes developes a 3 part expression for the
load/deformation equation:

Q - Qy + Kw (AQO + AQ1 * RW) (F.11)

in which;

Qy - nondimensional load at initial yield

AQ 0 - increase in load up to full formation of
the edge hinge

AQ 1 - slope of Qvs Wp/WP0 after edge hinge

Rw - Wp/Wp0

Kw - 1 Rw > 1

= (1-(l-RW) 3 )1/3 Rw < 1

Wp - permanent deformation

Wp - permanent deformation at completion of edge
0 hinge formation

= .070 2t
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Equation (F.11) is based on small deflection theory and is
valid for Wp0 < Wp < t. Equation (F.11) considers the
steel to follow Hencky-VonMises yield criteria. The
equaticn includes the effects of non zero aspect ratios.
The compnlete ecuations are as follows:

QV 1 - 2 1 a ] (F.12)

+ V

1 1 + .54 (1 = (3.3 - 1/s)
0 2

1 - +- + (F.13)

[.]1.5 (F.14)aQ- .95 /-
1

For = 0, this reduces to

Q0 3
/-1 2 (F.15)

or

2
p (F.3.6
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For a - .2, .= .46, and Wp = t, (F.1!) reduces to

Q - 3.06 + .15 WOd 2~ 2 W

2 2
P = 3.44 av (t) + 2.14 c (t; _

2
=5.53a =jjs (F.lS)

To examine the edge pull-in, consider first the limiting
condition of membrane behaviour. Figure 2 illustrates
ideal membrane behaviour with pinned ends. Ratzlaff and
Kennedy (91 provide a clear discussion of the ideal
membrane situation (as well as a very informative
discussion of many aspects of the problem). It can easily
be shown that for the case shown in Figure 2

P- 8 W T (F.19)

S+ ( 4ws)

T - Membrane Tension

This is true for any stress condition (elastic or plastic)
as long as the membrane tension T is constant throughout
the plate. The increase in length due to the sag is given
by X;

2
x- 8 W (F.20)T Ts

again, regardless of the state of stress.
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For the elastic condition, the strain is civen by c;

C = V/s (F.21)

the stress a is;

a- CE = __ 8 w E (F'.22)
(IV2 s1 2 3 s2 V2

wihleads to the membrane tension of

T =st

and combining this result with F.22

2
T = 8 (W) Et

_S2 (F.23)
( 1-v)

Therefore using (F.19), the load vs. de-flection is

3
P -64(W Et1

3W 2 ZZ(F.24)
(1v) s + (4W)

This elastic solution is only valid up to the yield stress,
at which the deflection is:

3 a (- 2

Wy= 7 (F.2S)

8 E

which for a - 360 MPa is;

Wy = 0.025.-s (F.26)
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For deflections above Wy, the tqnsion becomes constant at
the yield value (T - ayt/(l-vp )) which results in a load
vs. deflection equation of:

8 a

NS!4) (F.27)

where vp - plastic Poissons ratio

M .5

It is necessary to examine the assumption of edge pull-in.
To do this the neighbouring plate is considered as a spring
(as in Figure 3). To get the value of the spring constant,
assume that the plates to either side are semi-infinite and
edge loaded over a length of a. Timoshenko [10] gives the
solution for this condition. The deflection of the center
of the load -is:

S - 2 a (a log a/2)
R E (F.28)

which means that the stiffness (for plates
on both sides combined) is:

K - n E t (F.29)
e 4 log (a/2)
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The stiffness of the plate itself iz deter-mined using
ecuations (F.20 and F.21).

K =T/X -a

p
2

8 f Et *a

2
8 W

3 s

K =E t -a
p 2

S (1-V) (F. 30)

it is possible to combine KO and K earid simply consider the
ideal membrane case (Figure-2) but with a more flexible
plate of the combined stiffness KCP is

K 1 /(1/K + 1/K
c p e,

-K (1/(1 + K /K )
p p e

K Ke (F..31)
p

G=1/(1 + 1.4.a log a/2 (F.32)
s
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by determinina T from Kc  X, a modified load vs.
de;!ecticn equation:

3

p= 2 2 2
(1-V ) s + (W) (F.33)

Note that (F.33) is only (24) times e. Essentially E can
be replaced by E e to simulate the edce springs. Again the
elastic scution is only valid uo to the yield stress, at
which tcn: -he deflection is;

3 cr

W = I *s (F.34)

y 8 E e

G = l/ l + 1.4 a logsa/2)

Given a - 360
y
a = 1.2 m

a/s - 4

The onset of full membrane action would take place at a
deflection of

W = .036 s (F.35)
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Any deflection greater than 3.6% of the frame span would
result in complete plasticity and therefore comlete

membrane action. This simplifies the p~oblem greatly
because T becomes constant at a t/(l-v0 ). Again uti.izing
(F.19) the load/deflection equation fo- a full plastic
membrane is:

at1
p =8W v

(1-V 2 s + (4Ws)
P

or

p ~10.7 a 1(F.36)1 0.67 r S-
yi 1 (4 w/s)

for W/s --0.1

P = 0.99a t (F.37)
y s

It is worth noting that when the full plastic membrane
stress is activated, the plastic hinge at the edge of the
plate is completely pulled out resulting in no edge moment,
and the ideal membrane condition upon which equation (F.37)
depends. Note also that (F.36) is almost identical to
(F.6), which would be expected, since both involve both
membrane action. In fact, equation (F.5) probably best
describes the action of plates subject to large deflections
and has the advantage of considering non zero aspect
ratios. As a result it is suggested that a suitable design
criteria would be some ratio of permanent set (W) to frame
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spacing. The required plate thickness would be:

t 4.17xlU s (Y) (W) e (F.38)

w =allowable permanent set

P =design ice load (MPa)

s =frame spacing (mm)

ay yield stress (M.Pa)

e function of plate aspect ratio (F.39)

(T3 2 0)2

e M

(3 C~ )

9 is Tabulated in Table 1.

0 3
.1 2.99
.2 2.96
.25 2.93
.33 2.86
.5 2.71

1 2
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Noting the limited range of 9, a simpler and still accurate
f6ormulTa could be:

t = 0.125 s P ~)(.1

y

0.03 < W < 0.2
S
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